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Summary and Introduction

By Harald Drewes and Mark W. Bultman

SUMMARY

This volume is a mineral resource assessment of Coro-
nado National Forest, southeastern Arizona and southwest-
ern New Mexico, synthesized from available geologic,
geochemical, and geophysical data. The project was initi-
ated in October 1989; data compilation, synthesis, and
manuscript preparation were completed in December 1991.
The assessment is provided to help the U.S. Forest Service
comply with requirements of title 36, chapter 2, part
219.22, Code of Federal Regulations, which requires the
Forest Service to provide information and interpretations so
that mineral resources can be considered with other types of
resources in land-use planning.

Coronado National Forest (referred to in this report as
“the Forest™) contains approximately 1,853,000 acres (7,500
km?2), most of which is in the hi gh mountain ranges of south-
eastern Arizona and southwestern New Mexico. The geol-
ogy of Coronado National Forest is highly variable and
reflects the complex geologic history of this region. Much of
the geologic record in this region is indicated by sedimentary
and volcanic rocks composing seven major sequences that
have been intruded by igneous rocks during at least five
major magmatic episodes.

The geologic resources of the Coronado National For-
est region probably have been prospected and mined by var-
ious cultures for thousands of years. Silver was produced
from the oxidized mantos of vein deposits during early
phases of mineral resource exploitation. Gold, silver, and
lead were subsequently produced from contact-metasomatic
and fissure-hosted replacement deposits. About $20 billion
of metallic commodities, mostly lead, copper, zinc, gold, and
silver, have been produced from the Coronado National For-
est region, which includes five world-class porphyry copper
deposits, all of which are still producing ore. Most produc-
tion has come from areas outside the Forest; the main excep-
tions are in the Patagonia Mountains, the Santa Rita
Mountains, and the Cobre Ridge part of the Arivaca area.
Other productive sites within the Forest include the Dra-
goon, Chiricahua, Whetstone, Huachuca, and Santa Catalina

Mountains. Leasable commodities have not been produced
in the Coronado National Forest region. Industrial commod-
ities have been produced from within the Forest; at least 31
ornamental- or construction-stone sites are being exploited
and 12 sand and gravel pits are active.

Numerous tracts within the Forest are favorable for the
presence of undiscovered deposits. Rocks favorable for the
occurrence of undiscovered ore deposits are mainly lower
Paleozoic and Upper Cretaceous to lower Tertiary andesitic
to dacitic volcanic and volcaniclastic rocks. Quantitative
assessments of metal tonnages contained in inferred, undis-
covered deposits have been made for the following ore-
deposit types: (1) tungsten skarn, (2) tungsten vein, (3) por-
phyry copper, (4) porphyry copper skarn-related, (5) copper
skarn, (6) polymetallic replacement, (7) porphyry copper-
molybdenum, (8) polymetallic vein, (9) Creede epithermal
vein, (10) rhyolite-hosted tin, and (11) placer gold. These
data (table 1) were used to compute total inferred, undiscov-
ered metal in these types of deposits for the entire Forest.
These estimates are derived from subjective estimates of
numbers of undiscovered deposits, reflect knowledge avail-
able at the time of the assessment, and are subject to
considerable uncertainty.

Exploration for oil and gas has been sporadic in the
Coronado National Forest region; shows of oil or gas in sev-
eral exploratory wells were reported, but no wells have been
completed for production of oil or gas. The southeastern part
of the Forest has moderate potential for undiscovered petro-
leum deposits, whereas the northern and western areas have
low potential for such deposits. Coal and geothermal energy
resource potential in the Forest are low.

Salable minerals within or directly adjacent to Coro-
nado National Forest consist of sand and gravel, limestone,
pumicite, dimension stone, and humacite. Sand and gravel
deposits, available in most parts of the Forest, are in basin
and valley fills, stream terraces, buried and active stream
channels, and alluvial fans. Metamorphosed Mississippian
Escabrosa Limestone suitable for industrial uses is available
in many parts of the Forest.
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Table 1.

Estimates of metal contents in undiscovered deposits for all assessed mineral deposit models, Coronado

National Forest, southeastern Arizona and southwestern New Mexico.

Metal Mean of the simulated Quantiles of the simulated distribution of metal
distribution of metal (tonnes)
(tonnes, giving approximate 10 50 90
95-percent confidence interval) percent percent percent
Copper 2x10’ 7%10° 1x10’ 5%x107
(-2x107, +7x10%)
Gold 1x10? 2x10° 4x10! 3x10%
(-1x10%, +8x10%)
Lead 1x10° 7x10? 1x10° 3x10°
(-1x10°, +1x108)
Molybdenum 5x10° 3x10* 3x10° 1x10°
(-5%10°%, +6x107)
Silver 6x10° 2x10° 3x10° 1x10*
(-6x10°, +1x10°)
Tin 3x10t 1x10° 2x10" 8x10"
(-3x10%, +2x10%
Tungsten 5x10° 9x10? 4x10° 1x10*
(-5x10°, +2x10°)
Zinc 1x10° 4x10? 7x10° 2x10°
(-1x10°, +1x108)
INTRODUCTION toward resolution of only the most critical questions and

Federal land-use planners require periodically updated
information to regulate effectively the development and
multiple use of Federal lands. In 1988, the U.S. Forest Ser-
vice identified the Coronado National Forest of southeastern
Arizona and southwestern New Mexico (fig. 1) as a tract for
which existing mineral resource potential data were no
longer sufficiently current to facilitate land-use planning
decisions. Accordingly, the U.S. Geological Survey was
asked to provide a mineral resource assessment.

The need for resource data by land-use planners is
ongoing and the present assessment will require periodic
updating. Computer-based data files were prepared during
the course of this study and will be available for future stud-
ies. These data bases include digital information, which can
be readily augmented or improved, for the geology, geo-
physics, and geochemistry of Coronado National Forest.

Time and funding limitations necessitated this assess-
ment be based almost entirely on currently available earth
science data. New field and laboratory work were oriented

involved approximately 6 person-months in the field. Previ-
ously completed mineral resource studies of wilderness and
roadless areas within Coronado National Forest were a major
asset to this review; extensive parts of the Forest region have
not been as completely studied by the U.S. Geological
Survey, however.

Available earth science data for the Forest region vary
widely in kind and quality. Previous studies (fig. 2) of great-
est use in this assessment are regional compilations of the
Silver City 1° x 2° quadrangle CUSMAP (Conterminous
United States Minerals Assessment Program) (Drewes and
others, 1985; Richter and others, 1986), as well as the geo-
logic synthesis of the southern two-thirds of the Forest
region (Drewes, 1980). Many quadrangle maps and thesis
and dissertation maps were incorporated in these older syn-
theses. Data included in the pre-assessment studies of the
Douglas (Hammarstrom and others, 1988) and Tucson and
Nogales 1° x 2° quadrangles (Peterson, 1990) were also uti-
lized (fig. 2). The present synthesis includes data from
recently completed quadrangle maps, particularly in the
Chiricahua Mountains.
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109°
[ Figure 4 (left and facing page). Map showing tracts favorable

for locatable placer deposits, Coronado National Forest. southeast-
ern Arizona and southwestern New Mexico. Pink areas are
subtracts having moderate to low mineral resource potential.

SALABLE MINERALS

Salable minerals within or directly adjacent to Coro-
nado National Forest consist of sand and gravel, limestone,
pumicite, dimension stone, and humacite. Sand and gravel
are readily available in most parts of the Forest. However,
abundant and more accessible deposits are in basin and val-
ley fills, stream terraces, buried and active stream channels,
and alluvial fans outside the Forest. Therefore, much of the
Forest sand and gravel resources will remain unexploited.
Sources of dimension stone and riprap are plentiful within
the Forest; most exploitation occurs in the Nogales district.
The majority of the dimension stone and riprap sources
being worked are in middle Tertiary volcanic rocks, such as
near Pefia Blanca Lake, in the Pajarito Mountains. Metamor-
phosed Escabrosa Limestone is available in many of the For-
est units. Cretaceous volcaniclastic rocks, such as found in
the Gringo Gulch area, provide stone for structural purposes
that is less indurated than middle Tertiary volcanic rock. The
Whitetail Creek deposit in the Chiricahua Mountains, which
has a long production record, is another source of white
dimension stone. Pumicite crops out northeast of the Pajarito
Mountains near Pefia Blanca Lake, and a reported occur-

: . rence of pumiceous material is near Indian Creek at the

P'tfgzﬁ'zg‘z%,‘s?q Bl B LE southern end of the Pedregosa Mountains. Due to the pres-

S E ence of suitable substitutes and the lack of data concerning

Forest pumicite resources, interest in pumicite deposits will

—{32c remain low. Carbon-rich shale described as a humacite is

found in Paleozoic metamorphic rocks in a small area within

the Chiricahua Mountains; there is no indication that this
occurrence has stimulated exploration activity.
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event (plutonic event B, fig. 1). North of the Forest region,
where these rocks intrude and alter dolomite, they were
emplaced 1,050-1,200 Ma and are genetically associated
with asbestos deposits. After intrusion of the diabase the
region was strongly uplifted, tilted gently northward, and
deeply eroded to a surface of very low relief.

The third sedimentary sequence, divided here into
lower, middle, and upper parts, comprises Paleozoic clastic
and carbonate rocks mainly of marine origin but including
some of fluvial origin (sedimentary sequence 3, fig. 1). Some
of these rocks are hosts for major mineral deposits, and some
are potential source and reservoir rocks for oil and gas. Sev-
eral disconformities, which are more numerous to the west
than to the east, mark periods of nondeposition and (or) ero-
sion. The sequence is about 1,500 m thick in much of the
region and thickens slightly to the southeast.

The lower part of the Paleozoic sequence is the most
common host to ore deposits in the region. In ascending
stratigraphic order, it comprises the Middle Cambrian Bolsa
Quartzite (or its partial correlative, the Middle and Upper
Cambrian Coronado Sandstone), the Middle and Upper
Cambrian Abrigo Formation (the Lower Ordovician and
Upper Cambrian El Paso Formation in the eastern part of the
Forest area), and the Upper Devonian Martin Formation (or
its correlative units, the Swisshelm Formation, Portal For-
mation, or Percha Shale, in the eastern part of the Forest
area). Quartzite, arkose, conglomerate, sandstone, siltstone,
and calcareous or glauconitic beds characterize the Bolsa.
The Abrigo is composed of thin beds of shale, siltstone.
sandstone, and limestone, whereas the El Paso is commonly
thin- to medium-bedded dolomitic limestone, dolomite,
limestone, and some siltstone. The Martin Formation con-
tains abundant limestone and dolomite and some shale and
sandstone. In contrast, units correlative with the Martin con-
tain more limestone and dolomite (Swisshelm Formation),
consist of interbedded gray shale and thin limestone (Portal
Formation), or are largely black shale (Percha Shale). The
rocks of the lower part of the Paleozoic sequence were
readily metamorphosed to skarn near stocks and in most
Forest units are an excellent host rock for skarn and replace-
ment deposits.

The middle part of the Paleozoic sequence is commonly
a single thick formation composed of thick-bedded Missis-
sippian Escabrosa Limestone that disconformably overlies
Devonian rocks. In the eastern part of the Forest area the
Upper Mississippian Paradise Formation is a thin shale and
limestone unit that overlies the Escabrosa Limestone and is
also part of the middle Paleozoic sedimentary rock unit. The
Escabrosa Limestone is commonly recrystallized in many
places, locally dolomitized, but rarely mineralized. A major
exception is at the Bisbee porphyry copper deposit, where
the Escabrosa is a major ore host. Locally, it is metamor-
phosed to marble that has been quarried for dimension stone,
ornamental or roofing stone, or flux.

The upper part of the Paleozoic sequence comprises the
Pennsylvanian and Lower Permian Naco Group, which dis-
conformably overlies Mississippian rocks. At the base of the
Naco Group is the Pennsylvanian and Lower Permian
Horquilla Limestone, a thick formation of thin- to
medium-bedded limestone and some interbedded siltstone.
The Horquilla is the youngest Paleozoic formation in many
of the Forest units. Elsewhere, however, especially in the
central and eastern parts of the Forest region, the Horquilla
Limestone is overlain, in ascending order, by Lower
Permian formations including the Earp Formation (shale,
marlstone, and some limestone), Colina Limestone, Epitaph
Dolomite, Scherrer Formation (sandstone and sparse dolo-
mite), Concha Limestone, and Rainvalley Formation
(mostly limestone and some dolomite and sandstone) all of
the Naco Group. In some Forest units, the Horquilla is min-
eralized; elsewhere it is a source for cement rock. The other
formations are neither mineralized in many places nor other-
wise commercially utilized.

The fourth sedimentary sequence comprises lower
Mesozoic strata that mark a change from chiefly Paleozoic
marine conditions to a subaerial environment in which clas-
tic and volcanic rocks were deposited (sedimentary sequence
4, fig. 1). This deposition was preceded, accompanied, and
followed by erosion; most of these rocks reflect regional
conditions, but some are responses to local raising of blocks.
The oldest rocks of this sequence include thyolite welded
ash-flow tuff and lava, some andesite lava, and minor
wind-blown sandstone (Hayes and Raup, 1968; Drewes,
1971a, b, ¢, 1981a; Cooper, 1973; Riggs and others, 1990).
The Triassic and Jurassic Mount Wrightson Formation is
mainly rhyolite and subordinate andesite and sandstone and
is at least 835 m thick. The Lower Jurassic Gardner Canyon
Formation (red beds, sandstone, and some conglomerate)
overlies the Mount Wrightson Formation (Drewes, 1971c;
1972b). The Canelo Hills Volcanics, of Late Triassic and
Early Jurassic age, overlie the Gardner Canyon red beds and
are primarily rhyolite tuff (Hayes and Raup, 1968). Locally,
in the central part of the Forest region, clastic beds of the Tri-
assic or Jurassic Walnut Gap Formation are rich in angular
volcanic clasts and record nearby volcanism (Cooper and
Silver, 1964; Drewes, 1987). Some intrusive rocks associ-
ated with these volcanic rocks are present in the western
ranges of the Forest. In a few parts of the Forest region. some
of these rocks are mineralized. Vents for the andesitic rocks
of the Mount Wrightson Formation and brittle rhyolitic rocks
in strongly faulted areas are moderately favorable as ore
deposit hosts.

A third magmatic event is represented by a set of Late
Jurassic granitic rocks that intruded the early Mesozoic and
older rocks in the western and southern parts of the Forest
region (plutonic event C, fig. 1). The first stocks were
emplaced about 185 Ma; most were emplaced 165-140 Ma.
These rocks are typically medium to coarse grained; the old-
est bodies are monzonite and the others granite; one small
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stock at Bisbee is composed of fine-grained granite. Except
for scattered occurrences of pyrite, the stocks are barren.
Areas of mineralized Late Jurassic stocks in other ranges are
apparently associated with younger plutonism.

The fifth sedimentary and volcanic sequence is of late
Mesozoic age and locally also includes some early Ter-
tiary-age units (sedimentary sequence 5, fig. 1). These rocks
unconformably overlie Jurassic granite and older rocks, and
are primarily clastic marine, lacustrine. and fluvial deposits,
including some subordinate limestone. A thin (0.3-9 m)
basal conglomerate of the Bisbee Group of Early Cretaceous
age indicates an environment dominated by low topography
in a flood plain, but a few uplifts were present as indicated by
locally thick conglomerate (Hayes, 1970a, b; Drewes, 198 1a,
1991; Drewes and Dyer, 1989). During Bisbee Group time,
an arm of the sea encroached upon the southern part of the
Forest region from the southeast, resulting in deposition of
reef limestone and lagoonal limestone and shale in the south-
eastern and central parts of the Forest area, respectively. Flu-
vial deposition, primarily of gray silt and mud derived from
deformed, volcanic-capped mountains to the west, and aug-
mented by some locally derived sand from nearby small
uplifts formed in front of an advancing belt of deformed
rocks (Drewes and Dyer, 1989; Drewes, 1991), and filled a
basin with at least 2,130 m of sediment. Additional clastic
beds, which include mostly fluvial beds that became coarser
and richer in volcanic clasts upward and some intermontane
lacustrine beds, all of Late Cretaceous age, unconformably
overlie the Bisbee Group. These include the Fort Crittenden
Formation to the west, the Pinkard Formation to the north,
and the formation of Javelina Canyon of Epis (1956) to the
cast.

An advancing deformation front disrupted these deposi-
tional conditions, and andesitic to rhyolitic volcanic rocks
were deposited on the deformed Cretaceous and older rocks.
Andesitic lava and breccia derived from formations such as
the lower member of the Salero Formation and the Silver Bell
Formation formed a thick cover to the west and a more frag-
mentary one to the east, especially around composite and
shield volcanos. Rhyolite tuffs, probably related to caldera
formation about 70 Ma, were deposited around a few volcan-
ic centers, but locally were contemporaneous with andesitic
volcanism that largely followed caldera development. In the
eastern Forest units, these tuffs thin markedly and have not
been found in New Mexico. Locally, the volcanic rocks
include coarse and (or) exotic-breccia deposits. To the west,
the rhyolite tuffs are known as the upper member of the
Salero Formation (Drewes, 1971c¢) or the Cat Mountain Tuff
(Cooper, 1973 Drewes, 1981a; Hagstrum and Lipman,
1991).

During Late Cretaceous to Eocene time, a fourth set of
granitic rocks was emplaced (plutonic event D, fig. 1). Igne-
ous rocks of this age were emplaced during the Laramide (or
Cordilleran) orogeny and are commonly referred to as “Lara-
mide.” These stocks are abundant, multistage, and variable in

composition, having wide (hundreds of meters to kilometers)
contact metamorphic halos, and are closely associated with
major ore deposits. The rocks of this event range in age from
75 to 52 Ma; most are 71-65 Ma. The stocks to the east are
slightly younger than those to the west, and they are gener-
ally smaller and have fewer igneous phases. Compositions of
stocks range from granite to diorite, and plugs range from
quartz latite to dacite. Stocks and related plugs of
fine-grained rocks are associated with mineralized rock in
some Forest units. In some places, the 69- to 67-Ma stocks
are associated with mineralized rock, but in most places min-
eral deposits are associated with slightly younger intrusions.
The types of mineral deposits associated with these rocks
include skarn, porphyry, and extensive stockwork, breccia
pipes, massive replacement deposits, and veins. Many of
these types of mineral deposits have secondary enrichment
capping zones and polymetallic manto-type deposits.

The sixth sequence of sedimentary and volcanic rocks
is of mid-Tertiary (Oligocene and early Miocene) age (sedi-
mentary sequence 6, fig. 1). The sedimentary rocks are
mostly clastic, of local provenance, and rich in volcanic
material. Some of them are local stream deposits within a
volcanic sequence and mark a break in nearby volcanism.
Others fill, or partly fill, large structural basins and charac-
teristically have a coarse clastic facies along the basin mar-
gins and fine clastic facies elsewhere in the basins; they
commonly have local evaporate facies toward the basin cen-
ters. The volcanic rocks form extensive sheets around dis-
persed volcanic centers, some of which are calderas. Many
volcanic sequences have andesitic or dacitic rocks at the
base, abundant rhyolite ash-flow tuff in the middle, and in
some places, basaltic andesite at the top. Some of these rocks
near certain vents or caldera margins are mineralized. typi-
cally with vein or pipe deposits that contain precious metals.
Fluorite, industrial clays, and some building materials have
been obtained from these rocks at scattered sites.

The fifth and youngest magmatic event involved
emplacement of granitic rocks into rocks as young as the
middle Tertiary volcanic rocks with which they are geneti-
cally associated (plutonic event E, fig. 1). Typically, these
granites form small unevolved stocks. The large stock in the
Dragoon Forest unit is of exceptional size, contains a low
abundance of mafic minerals, and contains primary fluorite.
Fine-grained rhyolitic plugs and dike swarms are associated
with these stocks. Some mark volcanic vents and caldera
ring structures. Pyrite is the most common sulfide mineral in
these intrusive rocks; base metals are present but their abun-
dances are unimportant compared to those of gold or silver.
These precious metals are present mainly in vein systems
and small stockwork or pipe deposits in highly fractured and
altered volcanic rocks.

The seventh and youngest sequence of sedimentary and
volcanic rocks overlies the middle Tertiary deposits and
post-dates most Basin and Range faulting. These deposits are
mainly sand and gravel along the margins of intermontane
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valleys, where they form extensive alluvial-fan aprons, and
siltand clay in the valley centers. Basalt lava flows and cinder
cones are interbedded with, or overlie, the sand and gravel of
the easternmost intermontane valleys. Two valleys also con-
tain beach and lacustrine deposits. Gravel. sand, and cinder
deposits are the chief source of road metal and aggregate
material; most of the production and consumption of these
materials is near Tucson.

ROCK ALTERATION

Sedimentary, volcanic, and intrusive rocks described in
the preceding section are altered in some places; evaluation
of this alteration bears on the Coronado National Forest
resource assessment. Nearly all rock types of the Forest
region are indurated sufficiently to fracture under stress and
therefore are potential hosts to vein deposits. The chief
exceptions are many of the sedimentary rocks and most of
the tuffs of the sixth sequence (middle Tertiary), most sedi-
mentary rocks of the youngest sequence, and, in a few
places, marl beds of the Lower Permian Earp Formation.
These unindurated deposits can be mined easily as placers
where they contain mineral deposits.

Sequences of limestone are recrystallized, and some
have been dolomitized by various processes. In most cases,
recrystallization reduces rock permeability and thereby its
favorability as a host for replacement deposits and as reser-
voir rock for hydrocarbon accumulations. The Escabrosa
Limestone is coarsely recrystallized and rarely mineralized.
However, the Escabrosa and overlying Horquilla Limestone
of southwestern New Mexico contain dolomitized masses
that are viewed as favorable sites for hydrocarbon accumu-
lation because dolomitization greatly enhances rock porosity
and permeabilty (Thompson and others, 1978; Thompson
and Jacka, 1981). The thermal maturation index, indicated
by the color of conodont fossils, provides a measure of a
rock’s thermal history. In a review of the Horquilla Lime-
stone, Wardlaw and Harris (1984) showed that most of the
Forest region has a maturation index of 2 or 3, which is
viewed as adequate for generation of oil but is submarginal
for natural gas. The samples that were studied were probably
collected from sections that are tectonically undisturbed. If
s0, higher maturation indices may be anticipated in the abun-
dant, tectonically disturbed rocks of the Forest region.

Rock alteration has included both thermal metamor-
phism and hydrothermal alteration. In the Forest region five
types of alteration, of diverse intensity and age, have been
documented. In some places rocks have been variably
affected by several kinds of alteration. Some of these altered
rocks have no relation to mineral deposits, whereas others
are closely associated with certain types of deposits.

In the earliest form of alteration, a load- and deforma-
tion-generated, regional or nearly regional metamorphic pro-
cess altered the oldest Proterozoic basement rocks to schist

or phyllite (Pinal Schist), but in some places some Protero-
zoic granitic rocks were metamorphosed to gneiss. Typi-
cally, these rocks were metamorphosed to low-grade
greenschist facies, and some subsequently underwent retro-
grade metamorphism. No mineral deposits are known to
have been directly associated with this form of metamor-
phism, but low-sulfide gold-quartz veins can be associated
with regional metamorphism.

Contact metamorphic halos around Mesozoic and Cen-
ozoic intrusions constitute a second product of alteration.
These altered rocks form sheaths or halos tens to hundreds of
meters wide around intrusions. Contact metamorphic effects
vary in intensity between intrusive centers and commonly
decrease in intensity with increasing distance from the intru-
sive center. Within these halos, shale was converted to argil-
lite or phyllite; pure limestone was metamorphosed to
marble; and impure limestone, shale, and sandstone were
metasomatically transformed to skarn, much of which
contains concentrations of ore minerals.

A third kind of metamorphic condition resulted from
tectonism. Rocks so affected may have a slaty cleavage. At
two sites, in the Chiricahua and the Dragoon Mountains,
metamorphism reached medium grade or amphibolite facies
conditions; this metamorphism was not related to intrusive
activity (Drewes, 1984a, 1987). Locally, carbonaceous shale
was altered to graphite and the Escabrosa Limestone to
marble.

A fourth kind of metamorphic environment is found in
the gneiss-cored domes of the Pinaleno, Rincon, and Santa
Catalina Mountains. The rocks in the cores of these domes
are mainly Proterozoic. In the Rincon and Santa Catalina
Mountains the core rocks were massively invaded by
two-mica granite plutons of Late Cretaceous or Paleocene
age. Overlying the core rocks are as many as three major
thrust plates of Paleozoic and Cretaceous strata separated by
low-angle faults (Drewes, 1974, 1977; Davis, 1975, 1979,
1983; Thorman and others, 1981). Core rocks and generally
also the lower thrust plate were metamorphosed in response
to both thermal and tectonic conditions. The core rocks are
foliated, lineated, and in places protomylonitized and
sheared, probably due to two tectonic events. Most
lower-plate rocks (primarily Paleozoic) were altered to
calc-silicate minerals or were recrystallized. Most of these
changes took place beneath a thick cover, and hence are old
(perhaps Paleocene or older). Following deep erosion of the
cover and emplacement of the latest phases of the two-mica
granites, tectonic overprinting occurred under a thin cover
(Drewes, 1977, 1991; Drewes and Dyer, 1989). The core
rocks are mostly barren of ore deposits and mineralized
zones in the cover rocks are minor.

Hydrothermal alteration was pervasive in some mining
districts. The primary characteristics of this alteration are
best documented in those districts that contain porphyry
copper deposits. Sericitic and kaolinitic alteration of felds-
pathic rock and propylitic alteration of andesitic rock are
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evident in scattered localities throughout the Forest region.
This type of alteration may represent either locations near
volcanic vents or locations peripheral to more complex
hydrothermal systems that may have affinities to porphyry
copper systems. Potassic and ferric oxide alteration, particu-
larly where associated with alunite, are of great interest
because effects of this are typically well developed around
disseminated sulphide systems.

STRUCTURAL FEATURES

Rocks of the Coronado National Forest region were
deformed several times under various conditions, which
resulted in an extremely complex geologic record. Small and
medium-size folds are sparse, but faults of diverse displace-
ment and kinds are abundant. Folds are of only local interest
in the assessment of the region’s mineral and energy
resources. Faults, however, provided some key controls to
the siting of mineral deposits. In particular, steeply dipping,
northwest-striking faults have a recurrent and diverse (with
respect to sense of offset) history of movement and are the
master faults along which many magmas and hydrothermal
fluids moved, especially at deep levels. Steeply dipping
faults of other orientations, typically having a simpler history
of movement, as well as thrust faults, further guided the
upward and outward dispersal of hydrothermal fluids at
shallow levels.

Folds in the study region but not within the Forest, such
as the one southwest of the Whetstone Mountains and those
southeast of Tombstone (Drewes. 1980), have been the tar-
get of a few wildcat oil wells. Folds in the Bisbee Group,
especially shattered zones along anticline hinge lines, may
have helped channel ore fluids at Tombstone (Butler and
others, 1938). Other folds may assist exploration efforts at
the local scale, but these structures are either too few, too
small, or too poorly known to assist regional ore or energy
resource exploration.

Faults in the Forest region played a major role in both
regional and local controls in the accumulation of metals,
and they may provide an unusual situation for entrapment of
oil and gas. For the purpose of this study, faults are grouped
into steeply dipping northwest-striking structures, steeply
dipping faults of other orientations, gently dipping faults of
compressional stress origin (thrust faults), and gently
dipping faults of extensional origin (gravity, glide, or detach-
ment faults).

Northwest-striking fault zones range in width from sin-
gle planes and narrow zones to broad zones and sets of splay
faults, many of which flare out to the southeast. Narrow
fault zones are hosted most commonly by basement rocks,
and the broadest fault zones and splay zones are in the over-
lying Paleozoic and Mesozoic rocks. This type of lateral
variation may also reflect vertical variation, such that fluids

moving in the fault zone would have been dispersed both
laterally and vertically.

The evidence of age and direction of movement along
the northwest-striking faults varies from place to place
(Drewes, 1981a). In most cases the largest fault offsets are in
basement rocks and the smallest ones are in the youngest
cover rocks. Along several of these faults the thicknesses of
Mesozoic sedimentary rocks indicate an abrupt increase or
recurrent increases in local relief and thus imply normal
faulting. Thus, evidence of early, major displacements are
easily concealed beneath young rocks that depict subse-
quent, small displacements only.

That northwest-striking faults are loci for fluid move-
ment is indicated by the many stocks, plugs, and dikes
emplaced along or near them. The Apache Pass fault zone of
the Chiricahua and Dos Cabezas Mountains, which contains
10 stocks, many plugs and dikes, and three volcanic centers,
is the best example of fluid channelling by a north-
west-trending fault. Indeed, in the Santa Rita Mountains so
many large stocks were injected along one zone that for tens
of kilometers the fault is obliterated and therefore referred to
as a fault scar (Drewes, 1971b, 1972b, 1980). The associa-
tion of mines or mining districts and northwest-trending
faults is particularly well developed along the Apache Pass
fault zone and the Santa Rita fault scar—Harshaw Creek fault
zone. Most mines or mining camps not near northwest-trend-
ing faults are in young cover rocks, typically the volcanic
rocks of sequence 6.

Rocks of the Forest units are also cut by high-angle
faults that trend in directions other than northwest. Within
some mining districts of the region, ore deposits are present
along these structures, many of which are minor sympathetic
structures that cut, or abut, the northwest-striking faults.
Most are narrow fault zones or discrete fault planes and have
a simple history of normal movement during the Mesozoic
or Tertiary. Some of these fault zones acted as dispersal sys-
tems for fluids rising along the master faults.

Low-angle faults cut rocks of the Forest and include
thrust faults of Late Cretaceous to early Tertiary age and
low-angle normal faults (detachment, glide, or gravity
faults) of middle Tertiary or younger age. The presence of
both types of faults is generally accepted, but assignment of
specific faults to compressional or extensional origins and
amounts of movement attributed to these classes of faults
receive various interpretation. The older of these structures
caused dispersal of ore fluids near master faults. In some
Forest areas extensional faults are interpreted to have uti-
lized and reactivated older thrust faults (Drewes, 1976, 1977,
1978, 1981a).

Age and depth of cover beneath which low-angle faults
of the Forest region formed are significant with regard to ore
genesis. The low-angle normal faults are mostly Miocene or
younger; a few may be Oligocene. The age of most ore dep-
osition in the Forest region is Paleocene or older, but some is
Oligocene. Therefore, the low-angle normal faults were not
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available, with perhaps a few minor exceptions, to the hydro-
thermal systems of the Forest region. Extensional faults cut
mineralized rock in many places, as has been inferred in the
Sierrita Mountains, where the San Xavier (gravity) fault off-
sets a major porphyry copper deposit from its root (Cooper,
1973). These faults formed beneath a 0.8- to 1.6-km-thick
cover over a broad region (Frost and Martin, 1982), whereas
thrust faults formed as deep as 8 km, and so were more
accessible to the many ore-associated stocks and related
hydrothermal systems, emplaced at depth of 3—6 km.

AREA GEOLOGY

Each of the Forest areas has certain unique geologic fea-
tures that bear on resource potential. Favorability for undis-
covered deposits, as indicated by geologic factors, is
partitioned into high, medium, and low categories, which
have three or more. two, or one or zero, respectively, geologic
factors that are favorable for the presence of undiscovered
deposits. The geology of the 12 Forest units is described in
this section, beginning with a geologically simple situation in
the northernmost area, and continuing in clockwise order to
areas of more complex geology and ore deposits.

SANTA TERESA MOUNTAINS

The geology of the Santa Teresa Mountains includes
many features common to the Forest region but lacks the
complications of several Forest units (pls. 1 and 2). Some
rocks that underlie the Santa Teresa Mountains are favorable
as hosts for ore deposits. These rocks are cut by north-
west-trending steep faults and are intruded by a granite stock
of Late Cretacecous or carly Tertiary age (Ross, 1925;
Simons, 1964; Blacet and Miller, 1978; Wilson and others,
1969). The Aravaipa mining district, on the western flank of
the mountains, produced $1-10 million worth of copper,
lead, zinc, and silver, largely from vein and polymetallic
replacement deposits.

Paleozoic rocks crop out along the northwestern part of
the Forest unit in fault-bounded and intrusive body-bounded
blocks west of the stock, in remnants of fault plates (klippen)
on the northeast mountain flank, and in scattered blocks
along steep faults. The first of these, west of the stock, is by
far the most intensely mineralized. The Abrigo Formation of
the lower Paleozoic sedimentary rock unit (map unit Pel) is
absent in this Forest unit, and the overlying Martin Forma-
tion 1s barren. The Escabrosa Limestone (Ms) and Horquilla
Limestone (PI[Pn), next in ascending stratigraphic order, are
the rocks most favorable as potential ore deposit hosts.

The Escabrosa Limestone contains large bodies of red
silica rock (jasperoid) formed by massive replacement of the
limestone, and the Horquilla Limestone contains smaller
replacement skarn bodies. Replacement deposits are among

the major ore deposits of this Forest unit. Subsurface projec-
tions of these formations beneath Cretaceous sedimentary
and volcanic rocks (map unit Ksv) of the west flank of the
mountains are also potential sites for ore deposits. The klip-
pen northeast of the mountains appear to be unmineralized;
this may reflect either inadequate data or the possibility that
the klippen were not transported from a mineralized area.
The blocks or fault slices of Paleozoic rock in or near the
stock are possible sites of mineralized rock; those north of
the stock are along a fault not known to be in contact with the
stock and thus are less likely to have been mineralized.

Upper Cretaceous or lower Tertiary volcanic rocks may
indicate the fragments of old volcanic centers, which are
favorable as hosts to stockwork, breccia pipe, and vein
deposits. Most of the mineral deposits of the Aravaipa dis-
trict are vein deposits in rhyolitic rocks (pl. 2, map unit Kr).
The andesitic unit (Ka) was described by Simons (1964) as
containing plug-like bodies that may mark vent sites of
ancient volcanos.

Northwest-trending, steeply inclined faults are predom-
inant in the Santa Teresa Mountains, and, although they are
not through-going structures, as in most other Forest units,
they have served as the principal conduits for hydrothermal
solutions (pl. 2). The Goodwin Canyon and Grand Reef
faults are the major faults; the Tule Spring and Tule Canyon
faults are important branches of the Grand Reef fault. Many
major mines lie along these faults, and others lie along a
maze of smaller northeast-trending faults near the Goodwin
Canyon fault in the core of the Aravaipa mining district.

The faults coincident with the three major mines,
Cobre Grande, Grand Reef, and Ben Hur mines, illustrate
the various (proximal through distal relative to the heat
source) types of ore deposits that may derive from a single
large hydrothermal system. The Cobre Grande deposits are
replacements in silicified limestone and skarn; sulfide ores
of copper and lead are common, silver is sparse, gold is
absent, and pyrite is minor. At the Grand Reef mine, ore is
in a 45-m-wide silicified breccia reef. The ore includes sul-
fides of copper, lead, and zinc; silver is abundant; gold is
minor; the gangue includes quartz and minor fluorite; and
oxidized ore is abundant. The Ben Hur mine is in quartz
veins at the intersection of several fault sets. Ore is partly
sulfides of lead and zinc; silver concentrations are moder-
ately high and gold abundance is 0.07 oz per ton; fluorite,
specularite, and quartz are the gangue minerals; oxidized
minerals are predominant. These three deposits represent,
respectively, mesothermal metasomatic replacement depos-
its, upper-level mesothermal to lower-level epithermal vein
deposits, and upper-level epithermal vein deposits. Ore dep-
osition in each deposit was strongly controlled by north-
west-striking master faults. Mesothermal metasomatic
replacement deposits formed at deep intersections between
the fault and the margin of the stock. Upper-level mesother-
mal to lower-level epithermal vein deposits represent the
mid-level zone, in which the master fault zone is dominant.



26 MINERAL RESOURCE POTENTIAL AND GEOLOGY, CORONADO NATIONAL FOREST, ARIZ. AND N. MEX.

Upper-level epithermal vein deposits formed as shallow
deposits where the master fault zone is diffuse and splays
upward to several subordinate faults.

The Santa Teresa stock is a multiphase granitic stock of
Late Cretaceous age. It was emplaced following relatively
mild compressive deformation of the host rocks. The magma
evolved to granite and quartz monzonite phases. Its contact
metamorphic halo is hundreds of meters to a few thousand
meters wide. The associated polymetallic-replacement
base-metal deposits contain silver and gold. Many dikes and
plugs of rhyolite, quartz latite, and dacite cut Paleozoic sed-
imentary country rocks in the mining district but not the
stock. The compositional variation among these fine-grained
intrusive rocks is similar to that of the stock. The dikes
appear to post-date ore deposition in that they are present at
many mines but are not mineralized. The fine-grained intru-
sive rocks cut the andesite host but not the stock. These rela-
tions led Simons (1964) to infer that they are about the same
age as, or a bit younger than, the stock and ore deposition and
that all three features reflect one magmatic event. Some of
the dikes may be middle Tertiary. Dikes and plugs associated
with Late Cretaceous to Paleocene stocks are useful geologic
features for locating magmatic centers and thus of possible
associated ore deposits.

GALIURO MOUNTAINS

The geology of the northwestern Galiuro Mountains is
similar to that of the Santa Teresa Mountains, whereas the
central and southeastern part is underlain by middle Tertiary
volcanic rocks (pls. 1 and 2). The Paleozoic rocks exposed in
this area are the Martin Formation and Escabrosa Limestone.
Small areas of these rocks are exposed stratigraphically
below younger volcanic rocks and, although the Paleozoic
rocks are silicified and altered. they are not mineralized. The
Martin and Escabrosa underlie the volcanic rocks in much of
the area. The Abrigo Formation. a highly favorable host for
ore deposits, is probably beneath the Martin.

The geology of the rocks at the northwestern end
includes andesitic rocks, which are favorable hosts for ore
deposits; a granitic stock; northwest-striking faults; large
tracts of altered rock; and intrusive plugs, dikes, and breccia
pipes. These features were described by Darton (1925),
Creasey and others (1961, 1981), Creasey and Krieger
(1978), Krieger and others (1979), and Simons (1964).

The older rocks in the Bunker Hill, or Copper Creek,
mining district are strongly mineralized; some of the middle
Tertiary volcanic rocks are less intensely mineralized. A
moderate amount of copper and molybdenum were produced
from breccia pipes just outside the Forest in the Bunker Hill
area. Creasey and others (1981) projected this favorable geo-
logic environment into the Forest unit beneath the young
volcanic cover. Minor mineral occurrences in the central part

of the Galiuro Mountains, found near rhyolite plugs and in
placers, contain base metals and gold.

The Upper Cretaceous Glory Hole Volcanics host min-
eralized rocks in the Bunker Hill mining district (pl. 2, map
unit Ka). These volcanic rocks comprise lava flows and brec-
cia sheets in a thick sequence interpreted to be part of a com-
posite volcano (Creasey and others, 1981). Breccia pipes that
contain andesitic clasts, but mostly lacking a volcanic matrix,
cut the flows and breccia sheets; the pipes are not considered
to be source vents for the flows and breccia sheets because
of their nonvolcanic (sedimentary?) matrix and because of
their younger, crosscutting relationships. One pipe cuts the
stock that intrudes the Glory Hole Volcanics.

The age (68 Ma) and composition (granodiorite and
subordinate quartz monzonite; Simons, 1964) of the Copper
Creek Granodiorite (map unit TKg) are favorable for associ-
ated major mineral deposits. A contact metamorphic halo as
much as 1.5 km wide surrounds the stock. Andesitic wall-
rock was altered to hornfels; amphibole replaced pyroxene,
secondary biotite and chlorite was formed, and feldspar was
sausseritized. Limestone was recrystallized and, locally. was
silicified and metamorphosed to skarn. The granodiorite
itself may be deuterically altered in places.

Northwest-striking steep faults are the main structures
cutting the rocks of the Galiuro Mountains, but they are not
as well developed as in other ranges. Mineralized rock is
present along these faults, particularly the Rattlesnake fault,
which extends for 30 km along the center of the range. For
most of its length, this fault is a down-to-the-southwest nor-
mal fault of modest offset; to the northwest, en echelon faults
extend the general zone of weakness into the terrane of older
rocks. These structures may be a rejuvenated segment of a
larger, deeper structure with a more complex history, com-
parable to certain segments of the Apache Pass fault (pl. 3).
Most of the altered rock and mineralized tracts in the young
volcanic rocks lie along the Rattlesnake fault (Creasey and
others, 1981, pl. 1), which seems to have had a major
influence on hydrothermal fiuid movement.

In their resource study of the Galiuro Mountains, Crea-
sey and others (1981, pl. 2) delineated four tracts of altered
rock, some of which are beyond the limits of the Copper
Creek district. Rocks in these altered tracts are pyritized,
argillized. and sericitized, indicative of hydrothermal activ-
ity. In places, rocks in these tracts are enriched in base or pre-
cious metals. and to the southeast some anomalous
abundances of tin and barium were reported (Creasey and
others, 1981). These sites should be considered favorable for
the presence of undiscovered deposits of the types associated
with porphyry copper-molybdenum systems, and further
study of them is needed.

The presence of small intrusive bodies, particularly of
breccia pipes, further indicates a geologic environment
favorable for undiscovered ore deposits. Only a few breccia
pipes in the northwestern part of the Galiuro Mountains are
mineralized; at least $0.5 million worth of copper and
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molybdenum has been produced from four pipes in this area.
Most of the pipes are in the Glory Hole Volcanics and along
the contact between this andesite host rock and the intruding
granodiorite, but one pipe is in the granodiorite. Clasts in the
pipes are compositionally similar to the wallrocks, and the
matrix is finely broken material also of similar composition.
In a few places, latite porphyry dikes, like those in the adja-
cent volcanics, cut the pipe rocks. The more intensely min-
eralized pipes are those in the granodiorite and close to the
stock, the localization suggesting a genetic link between the
mineralized rock and the stock. The pipes are many tens to a
few hundred meters across and appear to taper downward.
Their richest ores comprise mainly hypogene minerals about
120-180 m beneath the present-day surface. These pipes
and their mines were described in detail by Weed (1913),
Kuhn (1941, 1951), and Denton (1947), who summarized
the early studies.

Tracts favorable for the presence of ore deposits are
indicated by the geologic factors just reviewed and are aug-
mented by the studies of Creasey and others (1981). They
proposed that favorable ground extends east of the core of
the mining district because of alteration, pyritization, and
copper “‘staining” in the area east of the mines along Copper
Creck; a distal part of the hydrothermal system responsible
for ore deposition in the Copper Creek district may be
responsible for this alteration. However, the upper reaches of
Fourmile Creek do not seem to be as favorable for the occur-
rence of undiscovered deposits because geochemical analy-
ses of these altered rocks do not indicate an anomalous
abundance of metal (see Chapter C).

WINCHESTER MOUNTAINS

The geology of the Winchester Mountains is simple
(pls. 1 and 2), and geologic evidence indicates that-most of
the area has low mineral resource potential for the presence
of undiscovered polymetallic replacement deposits (Keith
and others, 1982). The entire Forest unit is underlain by Oli-
gocene volcanic rocks; outside the area, to the southeast,
older rocks and structures emerge from beneath the volcanic
cover. A sequence of rhyolitic rocks, mostly welded
ash-flow tuff and nonwelded air-fall tuff overlies an andes-
itic or dacitic volcanic unit and, in places, is overlain by
basalt (Wilson and others, 1969; Cooper, 1960). These vol-
canic rocks are probably underlain throughout the area by
faulted Paleozoic and Mesozoic rocks like those that crop
out at the southeastern end of the mountains (Cooper and
Silver, 1964; Drewes, 1981a, fig. 14).

The Paleozoic and Mesozoic rocks are cut by a major
northwest-striking, steeply inclined fault. The fault may
extend beneath the volcanic cover to the northwest to a point
near Javelina Spring on the southwest flank of the moun-
tains. A second northwest-striking fault cuts the Oli-
gocene(?) volcanic cover 1.5 km northeast of the fault in the

older rocks. These faults may merge near the spring and pos-
sibly continue from there to the northwest beneath the volca-
nic rocks. This suggested pattern of a basement flaw
splaying to the southeast and having a simpler history in
younger rocks than in older ones is consistent with that of the
major faults.

A small area in the southeastern part of the Forest unit
has moderate mineral resource potential for the presence of
undiscovered polymetallic replacement deposits. Geologic
features favorable for the occurrence of ore deposits outside
the Forest unit can be projected beneath the volcanic rocks.
These favorable conditions include northwest-trending
faults, potential host rocks of Paleozoic age. and a rhyolite
plug that intruded the fault.

PINALENO MOUNTAINS

The geology of the Pinaleno Mountains Forest unitis as
varied as its topography (pls. 1 and 2). The main part of the
unit, a high, rugged terrane, is underlain by gneiss and schist
that are intruded by several Proterozoic granitic plutons. The
low northwestern flank is underlain by Oligocene and
Miocene sedimentary and volcanic rocks that are juxtaposed
across a southwest-dipping, low-angle extensional fault; the
footwall and hanging-wall rocks are cut by a Miocene and
Oligocene rhyolite dike swarm. The moderately high south-
ern foothills (Greasewood Mountain) are underlain by volca-
nic rocks of Oligocene and Miocene age plus late Oligocene
granite and another rhyolite dike swarm (pl. 2). A southerly
dipping low-angle fault juxtaposes the volcanic rocks
against Proterozoic basement. A reconnaissance geologic
map is available for the northwestern end of the mountains
and its low foothills (Blacet and Miller, 1978), and Swan
(1975) studied a major fault between the central mountains
and southern foothills. The geology of the western
three-fourths of the area is documented in a summary report
(Thorman, 1981) and by unpublished maps, which were gen-
eralized for the Silver City 1° x 2° quadrangle (Drewes and
others, 1985). Superposed middle Tertiary extensional
(detachment) faulting is denoted on the northeastern flank of
the range by a veneer of northeast-dipping schist, gneiss and
plutonic rock that contain a mylonitic fabric. Minor mineral-
ized rock (mineral deposit model unknown) was reported for
the two foothills areas of the Pinaleno Mountains. Geologic
features of particular importance to the resource assessment
are low-angle faults, a northwest-trending steep fault, a mid-
dle Tertiary igneous center, and dike swarms in both
foothills areas.

In western Arizona some gold deposits are associated
with low-angle normal (detachment) faults (Frost and Mar-
tin, 1982). The faults are considered to have been conduits
for hydrothermal fluids responsible for formation of dis-
seminated gold and (or) base-metal deposits. This type of
ore deposit has not been recognized along or above
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low-angle normal faults in southeastern Arizona. Mineral-
1zed rock near the Eagle Pass fault (pl. 1), in the northwest-
ern foothills, is related to the dike swarm in its lower plate,
and that near the Oak Draw fault, in the southern foothills,
was attributed by C.H. Thorman (unpub. mapping, 1982) to
a local volcanic center and its associated dike swarm (Rich-
ter and Lawrence, 1983). Systematic sampling of rocks
along these faults in the Forest unit has not been under-
taken, but they appear to be unmineralized (C.H. Thorman,
unpub. data, 1982). The link between detachment faults and
gold deposits in western Arizona may be incidental, in the
sense that hydrothermal solutions may have been routed
along any plane of weakness for dispersal, rather than
genetic. Perhaps gold- or base-metal-bearing mineralizing
fluids, similar to those responsible for deposits in western
Arizona, were not generated in southeastern Arizona. Alter-
natively, the low-angle detachment faults of the Forest
region may be geologically distinct from detachment
structures of western Arizona.

The Stockton Pass fault is a high-angle, north-
west-striking structure that separates the central dome of the
Pinaleno Mountains from their southern foothills. Move-
ment along this fault began in Proterozoic time, was recur-
rent, and was primarily strike-slip (Swan, 1976).
Interpretations concerning the amount and sense of slip
along this fault are diverse (Drewes, 1981a); the fault may
have controlled magma emplacement and channelled hydro-
thermal fluid circulation. In particular, the granite magma
that formed an Oligocene stock and the fluids that introduced
uranium or other radioactive elements and gold may have
been controlled by this structure (Richter and Lawrence,
1983, p. 47).

A volcanic center is genetically associated with
base-metal and silver deposits (mineral deposit model
unknown) at Greasewood Mountain in the southern foothills
(pls. 1 and 2). The volcanic rocks include andesite lava flows
and rhyolite tuff. Prospects and mines are present along frac-
tures and small faults in these rocks; meager production
records and unpublished geochemical data (C.H. Thorman,
oral commun., 1992) indicate that copper, lead, zinc, molyb-
denum, and silver in fault gouge along the structures were
concentrated by hydrothermal fluid flow. A swarm of north-
east-trending rhyolite dikes cuts the volcanic rocks of
Greasewood Mountain and older rocks; the dikes are consid-
ered (C.H. Thorman, oral commun., 1992) to be related both
to the volcanic center and the nearby granite stock.

Another swarm of northeast-trending rhyolite dikes
cuts the gneiss of the northwestern foothills; these dikes and
a nearby diabase pod contain minor amounts of copper and
gold (Richter and Lawrence, 1983; Richter and others,
1986). Mardirosian (1977) indicated the presence of anoma-
lous concentrations of manganese at this site. The dikes are
cut by the low-angle Eagle Pass fault.

PELONCILLO MOUNTAINS

The Peloncillo Mountains are underlain by middle Ter-
tiary volcanic rocks that are cut by middle Tertiary or
younger normal faults; the distribution and variety of these
rocks and faults and the geologic relations in this Forest unit
are poorly known (pls. 1 and 3). The central part of this For-
est unit contains a few plugs, a tract of altered rocks, a few
prospects, and a small mine. The geologic data are primarily
of a reconnaissance nature and are from studies by Wrucke
and Bromfield (1961), Erb (1979), Hayes (1982), and Mcln-
tyre (1988). Geologic features that bear on the mineral
resource assessment are the plugs, altered rock, a few faults,
and proposed calderas.

Paleozoic and Mesozoic strata that are favorable host
rocks for replacement-type ore deposits do not crop out in
this Forest unit, but are probably present in the subsurface.
Middle Tertiary rhyolite ash-flow tuff and airfall tuff and
tuffaceous sedimentary rocks comprise most of the rocks
exposed in the Forest unit. Andesitic lava flows and breccia
deposits are present low in the volcanic sequence and
Pliocene basalt lava flows lap onto the rhyolite along the
west flank of the mountains. A few basalt dikes cut the rhy-
olite and andesite near the eroded edge of the basalt flows.
This entire volcanic pile probably overlies Lower Creta-
ceous Bisbee Group and upper Pennsylvanian-Permian Naco
Group sedimentary rocks, which crop out a few kilometers
southwest of the Forest unit. Farther to the north, the middle
Tertiary volcanic pile may overlie younger Cretaceous rocks
and older Paleozoic rocks.

Several plugs cluster within 3 km of a northwest-
striking fault, and one plug is in the center of the altered rock
tract (pl. 1). These rhyolite plugs apparently are not associ-
ated with any of the nearby tuffs. Inasmuch as one of the
plugs may have a genetic tie to ore deposits, all of the plugs
are considered as favorable hosts.

Caldera structures are favorable sites for certain kinds
of mineral deposits, and thus their recognition is useful to the
present assessment. One or more calderas have been pro-
posed in the central part of the Peloncillo Forest unit, but
available geologic map coverage is inadequate either to val-
idate this interpretation or to show their proposed locations.
The Geronimo Trail caldera was proposed by Erb, but its
location is ill defined (compare Erb, 1979, with Erb in Deal
and others, 1978, and Mclntyre, 1988). In addition, McIntyre
(1988) postulates another caldera, the Clanton Draw caldera.

A few northwest-striking, steep faults of moderate
length and short, northeast-striking faults cut the rhyolite vol-
canic pile. One of the northwest-striking fauits near the plugs
and the altered rocks is arcuate and concave to the northeast.
The northwest-striking faults may be near-surface reacti-
vated segments of major deep-level master faults, a relation-
ship seen along more deeply exposed faults of this trend. The
cluster of rhyolite plugs near the arcuate fault lends some sup-
port to this evaluation. A segment of the margin of a proposed
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caldera is also coincident with the arcuate fault, but the south-
west block is shown as the downthrown side.

The tract of altered rock (pl. 1) includes mainly rhyolite
low in the middle Tertiary volcanic sequence. Alteration is
mainly kaolinization and oxidation of iron-bearing minerals.
The small Silvertip Mine and a few prospects are along the
western margin of the altered tract. Mclntyre (1988, p.
17-18) mentioned that the rock is intensely leached and that
the leaching process is ongoing, for waters of a seep in this
area contain anomalously high abundances of aluminum,
iron, manganese, and zinc. Some north-striking pyritized
quartz veins as much as a few hundred meters long and 6 m
wide and having slightly anomalous concentrations of base
and precious metals were reported in the tract (Erb, 1979;
Hayes and others, 1983; MclIntyre, 1988). The resource
potential for gold and silver are of greatest interest. Copper
and zinc are sporadically present and probably are related to
fractures and faults, such as those on which the workings of
the Silvertip Mine are situated. Tin, as cassiterite, may have
been derived as a primary mineral from one of the rhyolite
ash-flow tuffs.

CHIRICAHUA AND PEDREGOSA MOUNTAINS

The geology of the Chiricahua and Pedregosa Moun-
tains is highly variable (pls. 1 and 3). The high central part of
this Forest unit is underlain largely by Oligocene and lower
Miocene volcanic rocks in which one caldera has been iden-
tified and another proposed. The moderately high northern
part is underlain by the entire sequence of rocks of the Forest
region. These rocks are cut by a major northwest-striking
fault zone and by other faults and are intruded by stocks,
plugs, and dikes, mainly of Oligocene age. The lower
Pedregosa Mountains to the south are underlain mainly by
Oligocene and lower Miocene volcanic rocks. At several
places Paleozoic and Cretaceous rocks are exposed in raised
blocks that are cut by pre-Oligocene faults across which the
Paleozoic and Cretaceous rocks are juxtaposed. Pliocene and
Pleistocene basalt lava flows and plugs and dikes of several
ages overlie and cut, respectively, older rocks in the area.
Each of these geologic terranes (north, central, and southern)
contains mineralized rock. That in the north is most abundant
and varied and includes base metals, silver, and gold mined
and prospected from polymetallic vein and stockwork
deposits. The geology of this Forest unit was documented by
Sabins (1957), Cooper (1959), Drewes (1981b, 1982), and
Drewes and Brooks (1988), and the mapping was adapted
and updated from the synthesis by Drewes (1980). New stud-
ies include those by Pallister and du Bray (1994), Pallister
and others (1994), and Drewes and others (1995). Geologic
features that indicate high favorability for associated poly-
metallic vein and replacement ore deposits include the pres-
ence of preferred lower Paleozoic and Cretaceous andesitic
host rocks, major northwest-striking faults, granitic stocks,

shallow intrusive bodies, caldera-margin structures, and
altered rocks and veins.

Lower Paleozoic rocks are exposed discontinuously
along the northern part of the Forest unit, and they also crop
out or are near the surface in several of the raised blocks of
the Pedregosa Mountains. Near intrusive bodies these rocks
were metamorphosed to skarn and some are mineralized.
The other Paleozoic map units, which less commonly host
mineralized rock, are more widely distributed.

Upper Cretaceous andesitic rocks, also a favorable host
for mineralized rock, are widespread in the Pedregosa
Mountains and form limited outcrops in the northern part of
the Chiricahua Mountains, typically in a strongly faulted ter-
rane. Basalt is interbedded with, or intrudes, Lower Creta-
ceous Bisbee Group rocks (map unit Kb) and volcaniclastic
andesite of Late Cretaceous and Eocene age (unit TKvs), and
it is a favorable ore host.

The major northwest-striking, steeply dipping structure
is the Apache Pass fault zone. The fault zone splays south-
eastward, where the offset rocks are mostly younger than
those to the northwest. In the narrower northwestern part of
the fault zone, offset rocks are older and are metamorphosed
in a style more typical of a high-pressure (load or tectonism)
environment than of a contact environment (Drewes, 1981a,
1984a, 1991, Drewes and others, 1988). During the Protero-
zoic, offset along the fault was primarily left slip. Smaller
amounts of left slip occurred along some of its branch faults
in Late Cretaceous and Paleocene time, and some segments
in Oligocene time were reactivated as normal faults. Addi-
tionally, Late Cretaceous thrust faults interacted with seg-
ments of the Apache Pass fault zone, along which prior
offsets may have established conditions for the development
of thrust ramps. The importance of the northwest-striking
faults in guiding magma and hydrothermal fluids is well
illustrated along this fault zone.

Simple, one-phase granite stocks, most of Oligocene
age, intrude rocks of the Apache Pass fault zone. One stock
is composed of diorite and may be older, as are most diorite
stocks in the region. Contact metamorphic halos are usually
about 100-m wide, but, locally, near the large bodies of dior-
ite, they widen to more than 1.5 km, possibly marking con-
cealed shoulders to the bodies. Metamorphosed host rocks
include recrystallized Paleozoic limestone, hornfelsed rocks
of the lower Paleozoic (map unit Pel), and some propylitized
Upper Cretaceous andesite (map unit Ka). Many
fine-grained rhyolitic plugs and dikes and some quartz veins
are present near these stocks and may be genetically related
to the stocks. Andesitic dikes are present near the diorite and
may be genetically related to the diorite stock. A few of the
granite stocks and the diorite are spatially associated with
mineralized rock that includes skarn and vein deposits.

Rhyolite plugs and abundant quartz veins are found
mainly along the Apache Pass fault zone, and most appar-
ently are Oligocene, but some are probably Miocene. Most
are barren of ore minerals, but a few contain pyrite. Rhyolite
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breccia pipes in the Oligocene volcanic rocks of the northern
part of the Forest unit and andesitic breccia pipes, probably
of Late Cretaceous age, in the central part of the Pedregosa
Mountains may mark vent sites for some of the associated
volcanic piles. Finally, a crescent-shaped mass of coarsely
and abundantly porphyritic dacite marks the structural
boundary of the Turkey Creck caldera margin. This mass is
believed to be mainly extrusive and to have vented through
aring fracture. Polymetallic gold- and silver-bearing quartz
veinlets are present near this mass (Drewes and Williams,
1973, fig. 2 and p. A37). In the late 1980’s, quartz smelter
flux was produced in small amounts from El Tigre Mine;
small amounts of gold and silver were recovered from this
material.

Calderas are present in several parts of the Chiricahua
Mountains, and their marginal structures are favorable sites
for the types of ore deposits associated with calderas, such as
epithermal veins and polymetallic vein and replacement
deposits. However, structural margin faults are in many
cases occupied by ring intrusions or concealed by
post-caldera collapse deposits. The structural margin of the
Turkey Creek caldera (Marjaniemi, 1968; Drewes and Will-
lams, 1973; Pallister and du Bray, 1994; and Pallister and
others, 1994) is largely concealed. Several varieties of
calderas or volcanic collapse structures are present within
the volcanic piles around Cochise Head and east of Paradise.
In these places, old fault systems having linear or rectilinear
surface traces guided collapse, and the resulting structure
resembles a partly lowered trap door. Border faults are
exposed in these areas. Vent breccias are present near border
faults, and some of these are mineralized. The Portal caldera
was proposed along the east flank of the high part of the
Chiricahua Mountains (Bryan, 1988).

Altered and mineralized rock is also present in several
Jarge tracts along the Apache Pass fault zone (Drewes,
1981b, 1982, Drewes and others, 1983a; Watts and others,
1985). These rocks are commonly impregnated with pyrite
that alters to red-oxide-coated and clay-mineral-rich rocks.
In places this rock contains silicified pods or reefs, such as
those found southeast of Cochise Head, east of Portal, and
north of the Portal Paradise road (Drewes and others, 1995).

Altered rocks are also present in the central part of the
Chiricahua Mountains (Drewes and Williams, 1973) and in
the Pedregosa Mountains (Drewes and Brooks, 1988). Most
of these are clay-mineral and iron-oxide-coated Tertiary vol-
canic rocks that appear to be unmineralized. There is an area
of silicified rock and minor base-metal enrichment a few
kilometers northwest of Limestone Mountain.

Several kinds of industrial materials have been mined
or prospected near the Forest unit; geologic controls for
these commodities are independent of those relevant to the
metallic commodities. The Mural Limestone of the Bisbee
Group (map unit Kb) is a source near Douglas of rock used
to make cement. This limestone changes from its character-
istic reef facies to a lagoonal facies just south of the Forest

unit, where its composition changes to one not appropriate
for use as cement rock. A tuff in the middle Tertiary
sequence has been quarried for building stone for local use
near the Mud Springs Ranch (Drewes and Brooks, 1988).
Similar tuff may be present in the Forest unit. Marble has
been mined from metamorphosed Escabrosa Limestone a
few kilometers north of the Forest unit. Similar rock is less
metamorphosed or unmetamorphosed in the Forest unit.
Although abundance of fracturing in subsurface extensions
of these marble occurrences is unknown, their locations
along fault zones suggests that flaws due to fracturing may
preclude its use as decorative stone. Basalt cinder deposits
have been quarried for road metal along U.S. Highway 80
(Drewes and Brooks, 1988). Similar cinder deposits are
present at many of the volcanic cones of the San Bernardino
Valley and the adjacent part of the Pedregosa Mountains.

Tracts in the Pedregosa and Chiricahua Mountains are
favorable for polymetallic vein, breccia pipe, polymetallic
replacement, stockwork, and disseminated deposits in which
gold and (or) silver are probably the most important metals.
Tracts having high mineral resource potential for base and
precious metals are clustered along the Apache Pass fault
zone; these tracts are may contain some skarn deposits, but it
is more likely they contain polymetallic vein, stockwork, and
breccia pipe deposits.

DRAGOON MOUNTAINS

The Dragoon Mountains are underlain by some of the
most complex geology in Coronado National Forest (pls. 1
and 3). This Forest unit contains several major thrust plates,
a major overturned fold, tectonically telescoped sedimentary
and metamorphic facies, and igneous stocks of three ages.
Some of this mountain range is mineralized, but production
from the many mines has been limited. The geology of this
area is well known from several mapping studies (Gilluly,
1956; Drewes and Meyer, 1983; Drewes, 1987), geochemi-
cal studies (Drewes, 1984b; Watts and others, 1984), and a
geophysical study (Klein, 1983), all of which were compiled
previously in a mineral resource assessment (Drewes and
others, 1983b; Kreidler, 1984). Geologic features favorable
to ore deposition include suitable host rocks, favorably ori-
ented faults, and abundant magma-related heat and fluid
sources (pl. 3). Mineral deposit types include skarn and poly-
metallic vein and replacement deposits, particularly in frac-
tured or sheared rock. These deposit types were described by
Dale and others (1960), Wilson (1950), Stewart and Pfister
(1960), and Keith (1973). Most mines produced copper,
lead, and zinc; half also produced silver, a few produced
gold, and others produced molybdenum and barite.

Nearly half of the mines in this area are in rocks of the
Abrigo Formation (lower Paleozoic map unit Pz, pl. 3). The
Martin Formation, also part of map unit Pz, the Horquilla
Limestone of the Naco Group (map unit P[Pn), and the
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Bisbee Group (unit Kb) are locally mineralized. Skarn
deposits are most common in the Abrigo and Martin; poly-
metallic replacement and vein deposits are present in all host
rocks.

A zone of northwest-striking, steeply inclined faults cut
the rocks at the crest of the mountains south of a large
Miocene stock. North of the stock these structures are
obscured by numerous thrust faults. Many of the mines, such
as the Hubbard and Black Diamond Mines, are present along
or near this fault zone, which has had recurrent and diverse
movement.

Locally, northeast-striking faults seem to have local-
ized veins, some fine-grained intrusive bodies, and mineral-
ized rocks. For example, the Golden Rule Mine is associated
with rhyolite plugs along a branch fault of a major north-
east-striking left-slip fault. Other prospects are on or near
northeast-striking dikes, which were probably controlled by
fractures east of Mount Glenn. Mineralized rock of the Black
Diamond Mine also seems to have been localized by a north-
east-striking fault; fluids may have circulated upward and
northeastward from the nearby northwest-striking fault.

Within this Forest unit, granite stocks were emplaced
during the Proterozoic, early Oligocene, and early Miocene;
a late Paleocene stock was also emplaced a few kilometers
north of the area, and a Jurassic stock was emplaced 16 km
south of the area. A few rhyolite plugs and many dikes cut
the sedimentary rocks, and some dikes cut the Miocene
stock. The large Miocene Stronghold stock, plugs near the
Golden Rule Mine, the dike swarm, and elongate plugs near
the Black Diamond Mine are the intrusive bodies of greatest
interest with regard to mineral potential.

The Stronghold stock (pl. 1) is an alkali-feldspar granite
that forms two petrographically similar phases and is unique
in the Forest region in that it contains primary fluorite. The
broad contact metamorphic halo around the stock may
reflect both its large size and (or) the presence of concealed
apophyses in sites such as its northeastern side and the area
south of the Abril and Sala Ranch Mines (pl. 3). The age of
the rhyolite porphyry plugs near the Golden Rule Mine is
unknown. These plugs are near a splay of the major north-
east-striking left-slip fault separating highly deformed rocks
from much less deformed rocks. A small amount of gold has
been produced from the mine.

Tracts of moderate and high favorability for the occur-
rence of mineral deposits form an irregular pattern that
reflects the complex deformation and magmatic history in
this area; mutually reinforcing favorable geologic factors are
present in spatially variable combinations. Tracts of high
favorability are small, but those of moderate favorability are
large. The geology of the Dragoon Mountains is most favor-
able for small, high-grade silver or gold-bearing, lead-rich
vein, stockwork, or replacement deposits. Precious-metal
vein or porphyry copper-molybdenum deposits and deposits
of tin or fluorite in veins or skarn replacements are possible.

WHETSTONE MOUNTAINS

The geology of the Whetstone Mountains is simple rel-
ative to that in the surrounding mountains (pls. | and 4;
Drewes, 1980). A sequence of Paleozoic and Lower Creta-
ceous sedimentary rocks overlies a largely granitic Protero-
zoic basement in a little-deformed and sparsely intruded,
westward-dipping structural block (Tyrrell, 1957; Creasey,
1967a, Hayes and Raup, 1968; Drewes (1981a). Strati-
graphic studies were conducted by Gilluly and others (1954),
Bryant (1955), Bryant and McClymonds (1961), and Schu-
macher (1978), and a resource assessment was made by
Wrucke and others (1983) and McColly and Scott (1982).
Lower Paleozoic rocks crop out in a nearly continuous band
from the southeast to the northwest side of the mountains.

Geologic features favorable to the occurrence of miner-
alized rock include lower Paleozoic host rocks, Late Creta-
ceous intrusive rocks, shallow fine-grained intrusive rocks,
and two northwest-striking steep faults. The area is known to
contain base-metal skarn and polymetallic vein deposits, a
copper-molybdenum porphyry, a fluorite vein, flux quartz
deposits, and occurrences of uranium, tungsten, and gypsum.
Around a stock in Mine Canyon host rocks are contact meta-
morphosed. Sedimentary-hosted gypsum is present locally
in marly beds of the Lower Permian Epitaph Dolomite (Gil-
luly and others, 1954; Graybeal, 1962; Keith, 1969; Creasey,
1967a). Whereas Creasey (1967a) indicated that gypsum is
present in only one of his two stratigraphic sections, Wrucke
and others (1983) projected high potential for gypsum
continuously along the strike of that horizon (marly beds).

Two small granite stocks and a thick granite sill intrude
the Paleozoic and Cretaceous rocks (pl. 1). These rocks were
emplaced at 76 Ma and are among the oldest of the Cordille-
ran orogenic granites in this region. The stocks are moder-
ately coarse grained, but the sill is fine grained. Geophysical
evidence suggests the presence of a concealed extension of
the stock that trends toward the sill (Wrucke and Armstrong,
1984); the bodies may join at depth. The granite is mineral-
ogically homogeneous, and its texture varies from fine to
moderately coarse grained to porphyritic.

Rhyolitic intrusive rocks form many sills in the Bisbee
Group of the Whetstone Mountains. Several of the sills are
as much as 460 m thick; they appear to be unmineralized.

Steeply inclined, northwest-striking faults cut the
northern and southern ends of the tilted Whetstone Moun-
tains block. A concealed fault has been inferred (Drewes,
1981a) to underlie the host rocks near the stock; this fault
may extend from Silver Bell to Tombstone as indicated by
the alignment of 73- to 76-Ma plugs in the region. Minor
mineralized rock has been reported to exist where this fault
intersects the Benson fault.

The paucity of mineral deposits in this Forest unit is
noteworthy. Geologic factors favorable for the occurrence of
ore deposits are not coextensive. Thus, only a few small
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tracts are moderately favorable for the occurrence of
undiscovered deposits.

PATAGONIA AND HUACHUCA MOUNTAINS
AND CANELO HILLS

This large Forest unit (pl. 1) is underlain by many rock
types that were affected by many kinds of geologic struc-
tures (pl. 4). The Canelo Hills are underlain mostly by volca-
nic and sedimentary rocks cut by a few small intrusive
bodies and by many steep faults. The Huachuca Mountains
are underlain mostly by Paleozoic and Mesozoic rocks that
overlie a Proterozoic granitic basement and are cut by large
Jurassic and small Late Cretaceous granitic bodies. These
rocks are cut by thrust faults, by northwest-striking steep
faults that are splays of the Sawmill Canyon-Kino Springs
fault system, and by many other minor faults. Much of the
Patagonia Mountains are a granitic terrane, chiefly of Prot-
erozoic, Jurassic, and Late Cretaceous ages. Small areas (pl.
4) are underlain by Paleozoic and Mesozoic sedimentary
rocks, and Cretaceous or early Tertiary volcanic rocks are
common to the northeast.

The geology of the Canelo Hills has been extensively
studied. The area was mapped by R.B. Raup (unpub. map-
ping, 1967) whose work was compiled by Drewes (1981a).
Hayes and Raup (1968) mapped the Huachuca Mountains
and southeastern end of the Canelo Hills. A key part of the
northwestern end of the Huachuca Mountains was remapped
by R.A. Dockweiler, as shown by Keith and Wilt (1978, fig.
79.9a) and by Drewes (1981a; pl. 6). The Patagonia Moun-
tains and the southern part of the low terrain southeast of Pat-
agonia were mapped by Simons (1974). Stratigraphic studies
include those by Feth (1948), Hayes (1970a, b; 1972), Hayes
and Cone (1975), Hayes and others (1965), Simons (1972),
and Bilodeau and others (1987).

Mineralized rock is sparse in the Canelo Hills, moder-
ately abundant in the Huachuca Mountains, and abundant in
the Patagonia Mountains. The Hartfort (Huachuca) mining
district (pl. 1) contains base and precious metals in polyme-
tallic replacement deposits along minor northeast- to
east-striking faults. Tungsten minerals (wolframite and
scheelite) are present in northwest-striking quartz veins, and
some stream gravels contain placer gold. In the Wakefield
(Van Horn) mining district base metals, tungsten minerals,
and gold occur in quartz veins. Deposits in the Coronado
National Monument also contain base and precious metals;
pyrite is abundant in sheared rock at the State of Texas Mine
(Dale and others, 1960; Elsing and Heineman, 1936;
Johnson, 1972; and Wilson, 1961). In the Patagonia Moun-
tains copper, lead. zinc. molybdenum, manganese, silver,
and gold are in vein, skarn, polymetallic replacement, and
porphyry copper deposits. Some placer deposits have
produced minor amounts of gold.

Geologic features favorable for ore deposition are
abundant in the Huachuca and Patagonia Mountains but are
less common in the Canelo Hills. These features include
favorable host rocks, large, extensively altered areas, the
presence of Late Cretaceous or early Tertiary stocks, the
presence of fine-grained intrusive rocks that are the same age
or slightly younger than the plutons, and the presence of
steep, northwest-striking faults.

In this Forest unit, host rocks favorable for the presence
of undiscovered deposits of several types vary from range to
range. Lower Paleozoic rocks (unit Pel), other Paleozoic
units (units Ms and P[Pn), and andesitic or dacitic rocks of
Late Cretaceous (Ka, Ksv) or early Tertiary age (TKvs)
rocks are the predominant ore deposit hosts. Other Mesozoic
volcanic and sedimentary rocks also host mineral deposits in
the western part of the Forest region.

Lower Paleozoic rocks are sparsely exposed in the Pat-
agonia Mountains and Canelo Hills but crop out extensively
in the Huachuca Mountains. In the Hartfort mining district
they contain base- and precious-metal replacement deposits.

The Naco Group, in particular, and other Paleozoic
rocks, in general, are the preferred hosts for mineralized rock
in the Patagonia (Duquesne-Washington) mining district and
in the American Peak area of the Harshaw mining district. In
both places, buried lower Paleozoic rocks may be attractive
exploration targets.

Andesitic rocks of Late Cretaceous and early Tertiary
age are favorable hosts for base metal and silver ore deposits
in the Harshaw mining district; they are intensively altered at
Red Mountain, where they host a concealed porphyry copper
deposit (Corn, 1975). Some of the Triassic and Jurassic rhy-
olitic volcanic rocks are moderately favorable as host rocks
because they are intensely fractured and thus could have
channelled hydrothermal fluids effectively. Fractured rhyo-
lite is present along the southeast end of the Dove Canyon
fault, near dikes northeast of Ashburn Mountain, and near
the major faults around the Coronado National Monument.

One large granite stock in the Patagonia Mountains and
several smaller ones in the Patagonia and Huachuca Moun-
tains are spatially associated with mineralized rock. Ages for
these rocks range from 65 to 53 Ma; the large body has five
compositional or textural phases (Simons, 1974). The Pat-
agonia stock has a broad metamorphic halo in which garne-
tite skarn and marble are common; mineralized rock of the
Washington and Duquesne mining camps are closely associ-
ated with these altered rocks. The stock near the Eureka
(Sunnyside) Mine, in the Huachuca Mountains, is accompa-
nied by dikes or sills of varied composition that are inferred
to be the same age as stocks in this Forest unit. Their steep
attitudes and compositional variations suggest that they may
be apophyses of a large body having multiple compositional
phases, as is typical of many Cordilleran stocks elsewhere.
This inference implies that Paleozoic rocks, beneath wide-
spread outcrops of the Bisbee Group, may be mineralized.
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Two small granite bodies in the northwestern Huachuca
Mountains are surrounded by hydrothermally altered host
rocks (Drewes, 1981a, p. 67), are along or near a major
northwest-striking fault (Kino Spring fault), and are known
to be no older than Early Cretaceous. Likewise, at Saddle
Mountain, southeast of Patagonia, a pyroxene monzonite
stock that has central plugs of rhyolite breccia is considered
a favorable host rock for undiscovered ore deposits. This
stock may be genetically related to the extensive field of
andesitic rocks that it intrudes.

Shallowly emplaced, fine-grained intrusive rocks form
extensions of favorable geologic environments represented
by plutonic rocks. Many dikes and some plugs of rhyolitic to
andesitic rock are present in all parts of this Forest unit; the
ages of these rocks are unknown, so they may include Juras-
sic and middle Tertiary rocks, as well as the most favorable
Late Cretaceous and Paleocene intrusive pulses. One such
body, at Red Mountain, is particularly noteworthy because it
is present in an intensely altered terrane that was thoroughly
drilled by the Kerr-McGee Corporation in the early 1970’s
(Corn, 1975). A hypogene copper-molybdenum porphyry
deposit was identified at a depth slightly below the level of
the nearby Sonoita Creek Valley by Kerr-McGee. Corn
described the alteration zonation and mineralized rock and
inferred that the geologic setting represents a combination of
volcanic and subvolcanic terranes centered on a caldera.

Northwest-striking faults are prominent structures in
this Forest unit; segments of the Harshaw Creek fault are
closely associated with mineralized rock, but less intensely
mineralized rock occurs along the Sawmill Canyon—Kino
Spring fault and its several southeast-striking splays.

In summary, geologic factors combine to indicate many
tracts of high and moderate mineral resource potential. Some
tracts are centered around mining districts that include favor-
able geologic characteristics; others, however, are present in
less mineralized areas.

SANTA RITA MOUNTAINS

In terms of geology, the Santa Rita Mountains are
among the most thoroughly studied areas of Coronado
National Forest. The exposed rocks span the full range of
those present in the Forest region and include some that are
genecrally absent elsewhere (pls. 1 and 4). Plutons of all five
magmatic events crop out in these mountains. Although
rocks throughout large parts of these mountains are only
slightly deformed, as in homoclinally dipping, large struc-
tural blocks, rocks in other parts were strongly folded and
faulted during recurrent periods of deformation. Base- and
precious-metal production was moderate in two mining dis-
tricts (Tyndall and Helvetia-Rosemont mining districts) and
small from five others. Geologic map coverage was pro-
vided by Schrader (1915), Drewes, (1971a, 1972b) and
Finnell (1971). Topical studies that support this assessment

include Schrader (1915), Creasey and Quick (1955), and
Drewes (1967, 1970, 1971c, 1972a, 1973, 1976). A com-
pendium of copper occurrences was published by the U.S.
Geological Survey (1973). These studies show the geologi-
cally favorable features to include selected host rocks,
polyphase granitic stocks of Late Cretaceous to Paleocene
age, certain shallow plugs and dikes, northwest-striking.
steep faults, variously altered and mineralized rock, and
gypsum plugs (pl. 4).

Host rocks favorable for the presence of undiscovered
deposits of several types include the lower Paleozoic sedi-
mentary rocks and andesitic to dacitic rocks of Late Creta-
ceous or Paleocene age; they also include the Naco Group of
Pennsylvanian and Permian age and the older Cretaceous
andesitic and sedimentary rocks. Other rocks that may be
favorable as deposit hosts include Cretaceous rhyolite and
Triassic and Jurassic volcanic and sedimentary rocks.

The Abrigo and Martin Formations (of map unit Pzl, pl.
4) are commonly altered to skarn in the Helvetia and Rose-
mont areas near stocks and plugs, along the Sawmill Canyon
fault zone, and near the Glove Mine, though no igneous
bodies crop out near the last two sites. Similar rocks may
underlie the upper reaches of Josephine Canyon, southwest
of Mount Wrightson (Drewes, 1973). The Horquilla Lime-
stone of the Naco Group is commonly mineralized in the
Helvetia area and may also be present in the subsurface at
the Josephine Canyon and Glove Mine sites. Many lime-
stone blocks in the exotic-block member of the Upper Creta-
ceous Salero Formation (Drewes, 1971b, c¢; 1972a) are
probably Horquilla Limestone, and where the andesitic host
rock is mineralized the limestone blocks may be sites of rich
polymetallic skarn ore.

Andesitic or dacitic volcanic rocks of Late Cretaceous
to Paleocene age are also favorable as host rocks for polyme-
tallic vein and replacement deposits. One such site is around
Mount Fagan in the northern part of the Santa Rita Moun-
tains, which may be a major volcanic center. Another volca-
nic center, possibly a caldera, is proposed for the Josephine
Canyon site (Drewes, 1971c¢). Possible vent sites for pre-Bis-
bee Group andesite or dacite lava flows are not known. As
outlined on figure 11, host rocks judged to have moderate
favorability are widespread, particularly in the northern part
of the Forest unit.

A large, northwest-striking composite granitic stock of
Late Cretaceous age extends the length of the southern half
of the Forest unit; eight other small stocks, most of which
show no compositional variation and are of Paleocene age,
also intrude the rocks of this area. The composition of the
stocks was presented by Drewes (1976). The emplacement
of the large stocks nearly obliterated a fault, the Santa Rita
fault scar, whose upended faulted relicts are present between
stocks and cover rocks (Drewes, 1972b). Around most of its
circumference, the large stock is in contact with other gran-
ite, which is unmetamorphosed; the margin of the stock is
locally concealed by alluvium. At Josephine Canyon, in the
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Tyndall mining district, large country rock inclusions were
metamorphosed. The contact between the composite stock
and andesitic and Paleozoic rocks in the area south of the
Salero Mine and near the Montosa Mine may have potential
for contact metamorphic deposit types; where that contact is
faulted, subsurface parts of the hanging wall may be miner-
alized. Most of the small granitic stock is unmineralized; the
relationship of the 74-Ma stock at Mount Fagan to mineral
resource potential remains unknown.

Of the many shallow plugs and dikes in this Forest unit,
only a few plugs are known to have associated mineral
resource potential. These plugs are of Paleocene age, have
irregular shapes, and contain doubly terminated quartz phe-
nocrysts (Drewes, 1971a, b; 1972b; 1976). These rocks are
known as the “ore porphyries.” Some Oligocene
pyrite-bearing dikes and plugs are also of interest. In the
Helvetia and Rosemont areas, however, the ore porphyries
are associated with silver and base-metal ore in skarn, poly-
metallic replacement, and porphyry type deposits (Drewes,
1973). Locally, base-metal, gold, or gold-tellurium-quartz
vein deposits are present in these rocks. Gold in the Greater-
ville placer deposits is derived from nearby gold-bearing
quartz veins.

Most of the large ore deposits in the Santa Rita Forest
unit are on or near major northwest-striking, steep faults.
While some segments of these faults are characterized by
altered rock or by intrusive bodies, other segments are bar-
ren. These faults were described by Drewes (1972b, 1981a)
as branching to the southeast, being recurrently active, hav-
ing diverse movement history from segment to segment, and
probably having a large component of left slip at an early
stage of development. The Sawmill Canyon fault zone,
Salero fault, Santa Rita fault scar, and an unnamed fault
northeast of the Helvetia-Rosemont mining district are all
examples of these structures. Some of them controlled
development of thrust and glide faults, which add to their
complex history. Most importantly. at least some segments
of these faults are mineralized and subordinate high-angle or
low-angle faults near the major faults may also be mineral-
ized, particularly at higher structural levels. Examples of
such occurrences, given by Drewes (1973), include the
Salero fault and some of the branches of the unnamed fault
described above. The southeastward branching or flaring
aspect of the major faults may indicate that these rocks have
been tilted down and consequently protected from erosion;
the Alto vein swarm may be a manifestation of this tilting.
Uptilted rocks, to the northwest, have been eroded down to
levels at which fault zones are narrower.

The Eocene(?) Alto vein swarm is present on both
flanks of the southern part of the Santa Rita Mountains
(Drewes, 1971b, 1973, pl. 1). More than 300 polymetallic
quartz veins strike east-west and dip between 70° N. and 70°
S. Most veins are about 600 m long and 1.5 m wide; the
veins form low ribs of nearly white rock whose fracture sur-
faces are coated brown by iron oxides. To the south the

tabular veins grade into more diffuse silicified reefs, a term
used by miners rather than “coral reef.” These quartz veins
and reefs are mineralized and characterized by a systematic
variation in mineral assemblage and metal content from
north to south. Galena and copper minerals are common in
the north; copper, lead, zinc, silver, and molybdenum are
predominant in the center; and barite and zinc are abundant
in the south. This distribution suggests a zoned hydrother-
mal system whose deep and shallow levels are exposed in
the north and south, respectively. The variation in the host
rocks, from stocks and their andesitic host rocks in the north
to younger volcanic rocks and capping deposits in the south,
provides support for the model of slight southward tilt of the
Santa Rita fault block.

Other altered and mineralized ground is considered
favorable for occurrence of undiscovered ore deposits. West
of Greaterville and around Elephant Head, small vein
swarms are less systematically oriented and less intensely
mineralized. There are areas of clay-mineral-enriched and
iron-oxide-coated altered rocks in the upper reaches of Jose-
phine Canyon (pl. 1). between the Alto and Mansfield
groups of mines, and around the Ivanhoe Mine along the
Santa Rita fault scar (Drewes, 1971b, 1973, pl. 1). Around
the Ivanhoe Mine these altered rocks are enriched in base
metals and silver for as much as 760 m from veins (Drewes,
1967).

Rocks around the Glove Mine and along the Sawmill
Canyon fault zone are contact metamorphosed and contain
dikes. The presence of metamorphic rock and dikes in an
area where no large intrusive bodies are exposed may indi-
cate concealed stocks, which in turn may indicate a favorable
setting for the occurrence of ore deposits in the subsurface.

In the Helvetia-Rosemont mining district, more than 15
gypsum plugs are present in deformed rocks of the Naco
Group (Drewes, 1972b, pl. 4). These plugs are typically
only tens of meters across and are commonly found near
faults. Anhydrite(?) is admixed with gypsum, clay, and
dolomitic marl. Although these plugs intrude Permian for-
mations known to contain bedded gypsum in the Whetstone
Mountains, the Permian rocks near the plugs do not contain
salt casts or solution breccias, which might indicate a local
source for the gypsum. This observation, combined with the
intrusive form of these gypsum bodies, suggests a distant
and likely deep structural level for gypsum mobilization.
The amount of gypsum is small, and its structural form
renders cost-effective extraction difficult.

In summary, the Santa Rita Mountains contain many
geologic tracts having high mineral resource potential (pl.
1). Favorable host rocks, intrusive bodies, and tracts of
altered rock are present along three major northwest-striking
faults. Presence of skarn, polymetallic vein, and at least sev-
eral porphyry deposits suggests that there may be more in
the subsurface.
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ATASCOSA, PAJARITO, SAN LUIS, AND
TUMACACORI MOUNTAINS AND
COBRE AND COCHES RIDGES

The geology of the Atascosa, Pajarito, San Luis, and
Tumacacori Mountains and Cobre and Coches Ridges is the
least well known of any part of Coronado National Forest
(pls. 1 and 4) and suggests that parts of the area are favorable
for the presence of undiscovered ore deposits. This area is
large and geologically diverse, and access is poor over large
regions. Reconnaissance or local studies in this area include
those by Wilson and others (1969), Knight (1970), Keith and
Theodore (1975), Drewes (1981a and pl. 4, this volume), and
Riggs and others (1990).

The Atascosa—Cobre—Coches—Pajarito-San  Luis—
Tumacacori Forest unit is underlain by Mesozoic and
Tertiary volcanic, sedimentary, and some plutonic rocks.
The ages of many of these rocks are unknown, and
correlation with rocks in other areas is uncertain. The older
rocks are cut by faults, and, although a northwest-striking set
is present, these faults appear discontinuous and are
variously shown in the several studies; intrusive bodies have
a strong northwest orientation.

Some of the older rocks in the Atascosa—Cobre~
Coches—Pajarito-San Luis—Tumacacori area are strongly
mineralized; principal production has come from the Oro
Blanco mining district (includes the Ruby Mine). Silver,
copper, and lead in polymetallic quartz veins along fractures
or faults were the principal commodities that were produced
(Wilson and others, 1934; Arizona Bureau of Mines, 1950;
U.S. Geological Survey, 1973). Gold-bearing quartz veins
are present in the Pajarito mining district, and local placer
mining was recorded by Wilson and others (1969).

Most of the previously exploited mineral deposits in
this area are polymetallic veins, which suggests that favor-
able host rocks are less important here than elsewhere. Vein
location and orientation were not noted in the reconnaissance
studies, but mines and mining districts are aligned northwest.
Andesitic or dacitic volcanic rocks and volcaniclastic sedi-
mentary rocks are present, however, and may be favorable as
hosts for ore deposition. Paleozoic rocks may be present in
the subsurface; where they are near faults and intrusive
rocks, they may be favorable as host rocks.

A Late Cretaceous diorite stock extends between the
Ruby and the Oro Blanco mining districts, and a second,
smaller body is near the Dos Amigos Mine (“Dos Amigos
district” on some maps) a few kilometers south of Ruby.
The veins may be related to these stocks. Riggs and Haxel
(1990) suggested that a granite stock in the San Luis Moun-
tains of the Atascosa—Cobre—Coches—Pajarito-San Luis—
Tumacacori Forest unit is middle Tertiary. The age of a
swarm of thyolite or latite dikes along the southwest side of
the Oro Blanco mining district is unknown, and its relations
to nearby mineralized rock is also unknown. Contact
metamorphosed rock is present only locally.

The structural margin of a caldera may be present in the
Pajarito Mountains in the eastern part of the Atascosa—
Cobre—~Coches—Pajarito~San Luis-Tumacacori Forest unit
(Drewes, 1980, 1981a), and may extend south into Sonora,
Mexico. The age of igneous rocks of the Pajarito Mountains
is variously reported as Late Cretaceous (Wilson and others,
1969; Nelson, 1963; Drewes, 1981a) and as Jurassic (Riggs,
1987; Riggs and others, 1990). A thick pile of rhyolitic tuff
underlies the central part of these mountains. Several large
masses of exotic block breccia, whose clasts are not repre-
sented by exposures in the immediate region, are incorpo-
rated in the easternmost part of the tuff (Drewes, 1981a and
pl. 4, this volume) and may indicate intracaldera megabrec-
cia. Basin and Range-type faulting and surficial deposits
conceal the structural margin of the caldera north of the
United States—Mexico border; the area south of the border is
unmapped except for the reconnaissance work of Lucarelli
(1967).

The structural setting of the Tumacacori Mountains is
different from that in the rest of the Atascosa—
Cobre—Coches-Pajarito-San Luis-Tumacacori area. These
mountains are underlain by Oligocene rhyolite that may be
outflow ash-flow tuff. Although no source has been pro-
posed for them, they may have been erupted from a volcanic
center in the Grosvenor Hills southwest of the Santa Rita
Mountains (Drewes, 1971b; 1972a). Along the west side and
north end of the Tumacacori Mountains, the volcanic rocks
form a thin cap on a basement of Mesozoic volcanic and plu-
tonic rocks, some of which are mineralized. Tracts favorable
for the occurrence of undiscovered deposits may underlie
Oligocene volcanic rocks.

SANTA CATALINA AND
RINCON MOUNTAINS

The Santa Catalina and Rincon Mountains are under-
lain by many of the rock types that are present elsewhere in
the Forest units (pls. 1 and 2). Gently dipping faults
(10°-30°) juxtapose younger rocks on older ones in many
places. The structure in these ranges is typical of metamor-
phic core complexes, core complexes, or gneiss-cored
domes. These complexes or domes typically have had a mid-
dle Tertiary thermal and magmatic history and episodes of
structural deformation that overprinted Mesozoic and older
events. Few ore deposits appear to be related to the younger
events. Only those terranes most distal from the domes show
weak effects of interaction with hydrothermal systems.

The geology of the Rincon Mountains is relatively well
known; that of the Santa Catalina Mountains is less known.
Geologic maps of the Rincon Mountains include those by
Drewes (1974, 1977) and Thorman and others (1981). The
geology for about 80 percent of the Santa Catalina Moun-
tains was compiled from reconnaissance maps of Banks
(1976) and by Creasey and Theodore (1975); the remaining
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15 percent was compiled from detailed mapping by Creasey
(1967b) or was adapted from Budden (1975). University the-
ses were also incorporated in the geologic compilation of the
Santa Catalina Mountains (pls. 1 and 4). Key topical studies
of these mountains include those of Bykerk-Kauffman and
Janecke (1987), Davis (1975, 1979, 1983), Dickinson (1981,
1991), and Reynolds and Lister (1990).

The central parts of the Santa Catalina and Rincon
Mountains are underlain by plutonic and metamorphic rocks
of Proterozoic, Late Cretaceous, and early to middle Tertiary
ages (Creasey and others, 1977). These crystalline rocks
form the cores of the two ranges and are present in the over-
lying and flanking terranes. Most of the overlying and flank-
ing terranes are underlain by Paleozoic, Mesozoic, and
middle Tertiary sedimentary formations and their metasedi-
mentary equivalents. Very locally, middle Tertiary volcanic
and shallow, fine-grained intrusive rocks crop out. The dis-
tribution of these sedimentary rocks is highly irregular
because they have been affected by several structural events
that caused development of various styles of faults and folds
(Pashley, 1966; Drewes, 1974, 1977, 1981a, 1991; Davis,
1975, 1979; Thorman and others, 1981; Bykerk-Kauffman
and Janecke, 1987). These rocks have been multiply meta-
morphosed. The youngest metamorphic event, of Tertiary
age, appears to have lasted 30 m.y., and apparently overla-
ped several tectonic events. Some mineralized rock is attrib-
uted to events at the end of an early compressive
deformation, about 75-55 Ma, and concurrent granitic intru-
sion; other mineralized rock is either associated with mag-
matic events following a later extensional deformation,
about 25-15 Ma, or were emplaced during the earlier event
and remobilized during the later one.

Most crystalline core rocks are foliated and lineated and
are protoclastically mylonitized. The foliation and attitudes
of the overlying cover rocks are arched into broad gentle
domes whose southwestern flanks are folded into southwest-
ward-plunging anticlines and synclines. The mylonitic folia-
tion and lineation are more strongly developed on the
southwest flanks of the domes than on the northeast. The lin-
eation 1s primarily in the plane of foliation and is oriented N.
70° E. throughout most of the region, but over a large area
north of the Rincon Mountains the lineation trends gradually
past north to N. 10° W,

Core rocks are separated from structurally higher rocks
by a low-angle outward-dipping fault (Santa Catalina com-
plex fault), which is typically marked by a mylonite zone as
much as several meters thick on the southwest flank of the
domes; movement along the fault has occurred in several
episodes. This fault may project over the Santa Catalina
Mountains, where shearing is not as conspicuous and where
metamorphism may have helped to obscure faults. From the
Mount Lemon area the fault may project into the Samaniego
stock through a zone that contains many rock inclusions that
resemble the assortment of rock types found in the plate
above the Santa Catalina fault (Banks, 1976).

The cover rocks are cut by many thrust faults, some
low-angle gravity or extensional faults, and many normal
faults. Some thrust faults were reactivated as low-angle
extensional faults and have complex movement history
(Drewes, 1991).

Folds of several scales and origins are present in this
Forest unit. The domes and their flanking anticlines and syn-
clines are large, open structures. The cover rocks contain
medium-sized folds, commonly restricted to a single local
fault block or thrust plate; the orientation of those around the
Rincon dome indicate radial movement off the dome (Davis,
1975).

Four groups of plutonic rocks are found in the Santa
Catalina and Rincon Mountains Forest unit, of which only
the third group of plutons, of late intermediate (Paleocene)
age, are associated with mineralized rock. The first and old-
est group of plutonic rocks in the Santa Catalina and Rincon
Mountains Forest unit are Proterozoic, very coarse grained
granite to granodiorite, and contain zircon from which a
U-Pb age of 1.4 Ga has been determined (Shakel and others,
1977). The second group is moderately coarse grained gran-
ite to diorite stocks that are assigned to the Tertiary and Cre-
taceous map unit (pl. 1, unit TKg). Of these stocks, several
in the Santa Catalina Mountains are unfoliated, intrude the
cover rocks, and may be Late Cretaceous. Rocks in the third
group of stocks are foliated and faulted against the cover
rocks, and they may be Paleocene. Plutons of the fourth
group are Oligocene (Tg), but their chemical and petro-
graphic attributes are similar to those of the third group,
two-mica- and garnet-bearing peraluminous granite (Naruk
and Bykerk-Kauffman, 1990).

Mineral deposits may have evolved in two geologic set-
tings and during two or more times in the geologic develop-
ment of the area. Following a peak time of thrust faulting at
deep structural levels, granitic and dioritic stocks accompa-
nied by large base-metal- and silver-bearing hydrothermal
systems were emplaced (pl. 2). Then, the early phases of
two-mica granite were emplaced and bowed up some core
rocks, still under great cover and thus fairly ductile, before
the last movement on the thrust faults occurred. Uplift and
erosion throughout early Tertiary time caused much of the
thick cover to be removed and, with continued uplift, now
under less cover and thus fairly brittle, these stocks gener-
ated topographic domes centered above the earlier formed
structural domes. Coincident with rapid erosion, the domes
were tectonically stripped, possibly both by earlier unidirec-
tional movement and later radial movement. Base metals and
silver were mobilized in small hydrothermal systems, per-
haps associated with the middle Tertiary late structural and
thermal changes, along now-dormant low-angle faults; met-
als in some of the older deposits, farther from the domes,
may have been redistributed at this time.

The geologic history of this Forest region is sufficiently
dissimilar as compared to that of other Forest units that a dif-
ferent set of geologic factors indicative of mineral resource
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potential must be applied. As late as Miocene time, rocks in
the cores of the domes were hot enough to sustain hydrother-
mal circulation systems, but only limited quantities of min-
eralized rock formed during this period (pl. 1). Therefore,
these rocks are not indicative of a favorable geologic envi-
ronment. The Santa Catalina complex fault is only locally
mineralized, and no apparent tie exists between mineralized
rock and stocks or vertical faults. Thus, the Santa Catalina
complex fault is not viewed as a favorable indicator, nor is it
likely that the minor quantities of mineralized rock that are
present along the fault represent the dismembered parts of
other deposits. Finally, gypsum and uranium occurrences
located just outside the Forest are in structures that project
away from the Forest unit and thus do not bear on the mineral
potential of the Forest.

The geology of the northernmost part of the Santa Cat-
alina Mountains is marginal to the Santa Catalina core com-
plex; geologic criteria applied to other parts of the Forest are
used in this area. These factors include favorable host rocks,
stocks of suitable age and composition, and strongly
developed northwest-trending faults (pl. 2).

Favorable host rocks include lower Paleozoic forma-
tions and the Proterozoic Apache Group. Some Cretaceous
andesite is also present; andesite may also underlie the
flanking gravels of the San Pedro River valley.

The northern part of the Santa Catalina Mountains con-
tains four stocks whose compositions indicate that these
rocks are favorable for the occurrence of associated ore
deposits; in some places these stocks contain copper ore.
Three of the stocks are of the most favorable Late Cretaceous
or Paleocene age. These three bodies crop out close together
and may be cupolas of a single composite stock. Detailed
study of the 70-Ma quartz diorite of the Leatherwood stock
and the two granodiorite bodies (A and B, pl. 1), are lacking.
However, observations at a few sites indicate that contact
metamorphic aureoles are about 300 m wide, except to the
southwest where metamorphic overprinting by the middle
Tertiary two-mica granite event occurred. Rocks that contain
anomalous base-metal abundances and recently have pro-
duced minor amounts of copper ore are associated with some
parts of these stocks.

The Mogul and Geesaman Canyon faults are steep,
major, northwest- to west-striking, steeply dipping structures
and probably have a history of multiple movements. Moder-
ate amounts of gold and tungsten have been produced from
veins along second-order structures in the Camp Bonito
(Maudina) mining district along the Mogul fault (Creasey,
1967b, p. 82-87). The Geesaman Canyon fault cuts Paleo-
zoic rocks that are themselves cut by low-angle faults, most
of which juxtapose younger rocks on older ones. Both low-
and high-angle faults were intruded by the 70-Ma Leather-
wood stock quartz diorite. The Paleozoic rocks host copper
deposits, and minor amounts of gold have been produced
(Wilson, 1961) from placer deposits in nearby Alder Can-
yon. East of the Forest, the Mogul and Geesaman Canyon

faults may merge beneath alluvium. If the faults intersect,
their junction may be accompanied by highly fractured rock
that could indicate a site favorable for ore deposition. A sim-
ilar fault, which may also have had strike-slip movement and
been recurrently active, is a few kilometers northeast of the
Forest. at San Manuel, a major porphyry copper district
(Creasey, 1965).

Five tracts of moderate favorability for mineral deposits
are located along the northeast flank of the Santa Catalina
and Rincon Mountains; one of these tracts contains small
tracts having high favorability. The southeastern three mod-
erately favorable tracts and a fourth tract at the inferred junc-
tion of major faults, are wholly or largely outside the Forest
unit. Furthermore, the southeastern tracts are near the crys-
talline rocks that form the core of the range, where repeated
thermal events in the period postdating the most prolific
mineralizing period (Late Cretaceous to Paleocene) are
believed to have driven off, rather than causing accumula-
tion of, metals. Deposit types that may be present include
skarn, porphyry copper-molybdenum, and polymetallic vein
deposits.
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Geochemistry of Coronado National Forest

By Gary A. Nowlan

ABSTRACT

Geochemical data for samples collected in Coronado
National Forest and adjacent areas, southeastern Arizona and
southwestern New Mexico, were compiled fromexisting U.S.
Geological Survey data bases in order to characterize the
geochemistry of the Forest and to aid in determining its min-
eral resource potential. The geochemical evaluation is based
mainly on stream-sediment data because the stream-sediment
samplecoverage is much more extensive than are other sample
media (rocks or panned concentrates) and is supplemented,
in places, by data from rock and panned-concentrate samples.
Existing data were supplemented for this study by additional
stream-sediment sampling in areas of sparse sampling.

The routine analytical method for the samples
considered in this study, including 3,874 stream-sediment,
1,355 panned-concentrate, and 1,782 rock samples, was
31-element, semiquantitative, direct-current arc emission
spectrography. In addition, all of the new (approximately 150
samples) and arepresentative part (approximately 2,500 sam-
ples) of the existing stream-sediment samples were analyzed
for Au by flameless atomic-absorption spectrophotometry
and for Ag, As, Au, Bi, Cd, Cu, Mo, Pb, Sb, and Zn by induc-
tively coupled plasma  spectroscopy.  Flameless
atomic-absorption spectrophotometric and inductively cou-
pled plasma spectroscopic analyses were conducted in order
to obtain accurate, quantitative data for these elements; abun-
dances of these elements are so low, in most cases, that they
are below detection limits for direct-currentarc emission spec-
trographic analysis. The geochemical evaluation is princi-
pally based on abundances of Ag, As, Au, Ba, Bi, Cd, Cu, Mn,
Mo, Pb, Sb, Sn, W, and Zn because of their association with
mosthydrothermal ore deposits of the types presentin the geo-
logic environments represented in the Forest. The geochem-
ical signature of certain parts of the Forest is compatible with
signatures characteristic of several types of mineral deposits.

The Forest was subdivided into 35 areas that were delin-
eated on the basis of geologic settings. These areas were
ranked on ascale of 1 to 10 on the basis of geochemical inten-
sity: the most and least geochemically anomalous areas were
assigned geochemical intensity values of 10 and 1, respec-
tively. Rankings are based on the number of elements present
in anomalous concentrations, the proportion of samples hav-
ing anomalous concentrations of these elements. and the mag-
nitude of concentrations in individual samples. The outlines

of these areas are shown on plate 5, and their rankings by
geochemical intensity are listed below:

Area Rank

Patagonia Mountains, southern part................ 10
Santa Teresa Mountains, west-central part........ 9
Dragoon Mountains, middle one-third .............. 9
Patagonia Mountains, northern part ................. 9
Santa Rita Mountains, western three-fourths .... 8
Tumacacori and Atascosa Mountains................ 8
Pinaleno Mountains, southeastern half.............. 7
Chiricahua Mountains, northern part................. 7
Dragoon Mountains, northern one-third............ 7
Dragoon Mountains, southern one-third............ 7
Huachuca Mountains.......c....cceceveveieieeeeeenennnn 7
Santa Rita Mountains, northern part.................. 7
Cobre and Coches Ridges, Pajarito

MoOUNLAINS. .....ooviiiiiricieeeeecie et 7

Chiricahua Mountains, except northern part..... 6
Whetstone Mountains, northeastern

one-third ........ccooeveiiieceeeeeeee e e 6
Whetstone Mountains, southwestern

one-third .........ooovveiiieiiiiiie e, 6
Santa Rita Mountains, eastern part.................... 6
Santa Catalina Mountains, northern part........... 6
Rincon Mountains, northern part; Santa

Catalina Mountains, southern part .............. 6
Galiuro Mountains..........oeveeeiveeniveeieeesienereenens 5
Pedregosa Mountains, western part................... 5
Whetstone Mountains, middle one-third........... 5
Area west of Nogales........cooueveereneveniiiicenin 5
Santa Catalina and Rincon Mountains,

EASLETTL PATT .ovv v 5
Santa Teresa Mountains, northwestern part ...... 4
Peloncillo Mountains..........cccoceevveiiiiiieevenecennnn, 4
Pedregosa Mountains, eastern part.................... 4
Santa Teresa Mountains, southern and

SOUtheastern PartS..........cccovevciveiiinrenciienan 3
Winchester Mountains, eastern two-fifths......... 3
Pinaleno Mountains, northwestern half............. 3

San Rafael Valley ..o,
San Luis Mountains..........ccooceeeeiiiiieenenereennenne
Canelo HIllS ...ooooviiviiiiiiieeece

Rincon Mountains, southern part
Winchester Mountains, western three-fifths...... 1

45
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INTRODUCTION

Geochemical methods have been used in prospecting
for metallic ores in the general area of Coronado National
Forest since at least 1950 (Lovering and others, 1950). These
methods are widely accepted and used as tools in the search
for ore deposits in southeastern Arizona and elsewhere.
Application of geochemical techniques and data in mineral
resource evaluations is a consequence of (1) their acceptance
as a valid prospecting method, (2) initiatives to preserve
tracts of federal lands as wilderness, and (3) the need of gov-
ernment agencies to make land-use decisions.

Geochemical data used in this mineral resource evalua-
tion of Coronado National Forest were obtained for samples
collected as long ago as 1963. The comparability of data col-
lected over such a long time span is assured, however, by the
fact that analytical techniques, emission spectrography (ES)
in particular, have changed very little since 1963. In addi-
tion, many of the analysts who were part of the southeastern
Arizona geochemical surveys conducted in the 1960°s are
still employees of the U.S. Geological Survey (USGS) and
either analyzed the samples themselves or trained others who
performed the analyses.

Most of the USGS samples considered in this mineral
resource evaluation were collected, beginning in the early
1960’s, during investigations of geochemical zonation
around known mineralized areas or as part of mineral
resource evaluations of specific areas. The purpose, history,
and procedures of U.S. Forest Service wilderness studies
made from 1965 to 1983 were summarized by Brobst and
Goudarzi (1984). Hundreds of samples were also collected
as part of the Conterminous United States Mineral Assess-
ment Program (CUSMAP) studies of the Silver City 1° x 2°
quadrangle in the late 1970’s and early 1980’s (McDanal and
others, 1983; Watts and Hassemer, 1988). Curtin (1985)
summarized CUSMARP studies.

In addition to USGS samples, data for about 1,800 sam-
ples obtained during the National Uranium Resource Evalu-
ation (NURE) program of the U.S. Department of Energy
(Shannon, 1977) were included in the Coronado National
Forest data base (U.S. Department of Energy, 1981a, b;
1982a—c).

Approximately 150 stream-sediment samples were col-
lected in 1990 from the Chiricahua, Santa Teresa, and Santa
Catalina Mountains to provide sample coverage where it was
lacking. Also, about 2,500 samples of stream-sediment and
soil were retrieved from sample archives of the USGS in
1990 and 1991 and were reanalyzed by sensitive, modern
methods for low levels of gold and several other metals.

Retrieval and consolidation of data from these several
sources has resulted in a geochemical data base for Coro-
nado National Forest that is adequate, for the most part, to
characterize regional geochemistry of the Forest and to allow
a mineral resource evaluation, when combined with data
from other earth science disciplines.

SOURCES OF DATA

Analytical data, summarized in table 1, for samples
from Coronado National Forest and adjacent areas (the
Coronado study area) stored in the USGS Rock Analysis
Storage System (RASS), PLUTO (described below), and
NURE computerized data bases were retrieved and exam-
ined by the STATPAC system (VanTrump and Miesch,
1977). The RASS and PLUTO data bases contain analytical
and descriptive data for rock, stream-sediment, heavy-min-
eral-concentrate, and soil samples, and for other types of
geologic material collected by the USGS. They also contain
data for other sample types such as water and vegetation. The
NURE data base contains analytical and other data for sam-
ples collected during the National Uranium Resource Evalu-
ation program of the U.S. Department of Energy (Shannon,
1977; Sharp and Aamodt, 1978; Sharp and others, 1978;
Cook and Fay, 1982).

Most of the USGS analytical data for the Coronado
study area are stored in the RASS data base (VanTrump and
Miesch, 1977). Some USGS data for samples from the Coro-
nado study area are stored in the PLUTO data base (formerly
the geochemical data base of the USGS Branch of Analytical
Chemistry and subsequently adopted as the geochemical
data base of the the USGS Branch of Geochemistry), but
because the RASS and PLUTO data bases are operationally
similar, reference to the RASS data base will hereafter
include sample data from the PLUTO data base. Data for
selected elements useful in mineral resource evaluations
were studied and plotted. Data in the RASS and NURE com-
puter data bases are available to the public. Some of the data
had not been released as published or open-file reports
before this mineral resource evaluation of Coronado
National Forest; reports released before that time are listed in
table 1. A tabulation of both previously released and unre-
leased geochemical data used in the mineral resource evalu-
ation of Coronado National Forest is available (Nowlan and
Chaffee, 1995).

SAMPLE TYPES

RASS data for stream-sediment samples, panned-con-
centrate samples derived from stream sediment, and rock
samples were considered because the samples they represent
have the widest areal distribution in the study area. The
stream-sediment fraction analyzed was usually minus-80
(<0.177 mm) or minus-60 (<0.250 mm) mesh; the
minus-30-mesh fraction (<0.595) was analyzed for about 40
samples. Panned-concentrate samples are the nonmagnetic
heavy fraction of stream sediments and consist of nonmag-
netic ore minerals and some accessory minerals such as
sphene and zircon. The rock data are for unmineralized,
mineralized, and altered rock samples.
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Table 1. Published sources of geochemical data for Coronado National Forest and adjacent areas, southeastern Arizona and
southwestern New Mexico.

Forest unit

designation Name Area sampled Reference
(fig. 1)
Al Santa Teresa Mountains Black Rock Wilderness Study Area Harms and others, 1985.
Tucson 1°x2° quadrangle U.S. Department of Energy,
1982d.
A2 Galiuro Mountains Galiuro Wilderness and contiguous Creasey and others, 1981,
Further Planning Areas.
Tucson 1°x2° quadrangle U.S. Department of Energy,
1982d.
A3 Winchester Mountains Winchester Roadless Area Sutley and others, 1983.
Tucson 1°x2° quadrangle U.S. Department of Energy,
1982d.
A4 Pinaleno Mountains Silver City 1°x2° quadrangle McDanal and others, 1983.
Tucson 1°x2° quadrangle U.S. Department of Energy,
1982d.
B1 Peloncillo Mountains Bunk Robinson Peak and Whitmire Watts and others, 1983.
Canyon Roadless Areas.
New Mexico part of Douglas 1°x2° U.S. Department of Energy,
quadrangle. 1982a.
B2 Chiricahua and Pedregosa Chiricahua Wilderness Area Drewes and Williams, 1973.
Mountains. Silver City 1°x2° quadrangle McDanal and others, 1983.
C1 Dragoon Mountains Dragoon Mountains Roadless Area Drewes, 1984; Watts and
others, 1984,
Nogales 1°x2° quadrangle U.S. Department of Energy,
1982b.
Tucson 1°x2° quadrangle U.S. Department of Energy,
1982d.
D1 Whetstone Mountains Whetstone Roadless Area Werschsky and others, 1983.
Nogales 1°x2° quadrangle U.S. Department of Energy,
1982b.
D2 Patagonia and Huachuca Nogales 1°x2° quadrangle U.S. Department of Energy,
Mountains; Canelo Hills. 1982b.
El Santa Rita Mountains Santa Rita Mountains Drewes, 1967, 1970, 1973.
Nogales 1°x2° quadrangle U.S. Department of Energy,
1982b.
E2 Atascosa, Pajarito, San Luis, Nogales 1°%2° quadrangle U.S. Department of Energy,
and Tumacacori Mountains; 1982b.
Cobre and Coches Ridges.
F1 Santa Catalina and Rincon Pusch Ridge Wilderness Area Hinkle and others, 1981a.

Mountains.

Rincon Wilderness Study Area
Tucson 1°x2° quadrangle

Thorman and others, 1981.
U.S. Department of Energy,
1982d.
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NURE data consist of analyses of stream-sediment and
soil samples. Evaluation of the stream-sediment and soil data
separately indicates that the two media can be combined and
treated as one data set, The analyzed fraction of NURE sam-
ples from the Coronado study area is the minus-100 mesh
(<0.149 mm) fraction.

ANALYTICAL METHODS

Almost all RASS samples included in this investigation
of the Coronado study area were analyzed for 31 or more ele-
ments by semiquantitative, direct-current arc emission spec-
trography (ES) (Grimes and Marranzino,1968; Myers and
others, 1961). RASS samples from some areas were ana-
lyzed by atomic absorption or other methods; these addi-
tional analyses were considered but their usefulness is
limited because of incomplete areal coverage.

Concentrations of elements determined by the emission
spectrographic method are reported as six steps per order of
magnitude that represent intervals of some power of 10 times
1.2-1.8, 1.8-2.6, 2.6-3.8, 3.8-5.6, 5.6-8.3, or 8.3-12
(Motooka and Grimes, 1976, p. 2). For most samples in this
report, those intervals are represented by the values 1.5, 2, 3,
5,7, and 10, respectively, or powers of 10 of these numbers.
Reported values for some samples are somewhat different
but still represent approximately the same intervals. The pre-
cision of the emission spectrographic method is approxi-
mately * one reporting interval at the 83 percent confidence
level and * two reporting intervals at the 96 percent
confidence level (Motooka and Grimes, 1976, p. 3).

NURE samples from New Mexico were analyzed for
uranium by delayed neutron counting with a precision of 4
percent or better (Sharp and others, 1978, p. 18). NURE sam-
ples from the Nogales and Tucson 1° X 2° quadrangles were
also analyzed for uranium by delayed neutron counting;
coefficients of variation for control samples ranged from
0.03 to 0.24 (U.S. Department of Energy, 1982c, p. 15). All
but two of the NURE samples were analyzed by inductively
coupled plasma spectroscopy (ICP). NURE samples were
analyzed by ICP for Ag, Al, B, Ba, Be, Ca, Ce, Co, Cr, Cu,
Fe, Hf, K. La, Li, Mg, Mn, Mo, Na, Nb, Ni, P, Pb, Sc, Sr, Th,
Ti, V, Y, Zn, and Zr; coefficients of variation for control
samples ranged from 0.03 to 2.57 (U.S. Department of
Energy, 1981a, p. 15; 1982¢, p. 15).

In addition to existing USGS data, abundances of Au
(determined by flameless atomic-absorption spectrophotom-
etry, or FAA) and Ag. As, Au, Bi, Cd, Cu, Mo, Pb, Sb, and
Zn (determined by inductively coupled plasma spectros-
copy. or ICP) were determined for about 2,500 archived
RASS and NURE samples. The FAA method was described
by Meier (1980) and by O’Leary and Meier (1986); the pre-
cision of the method, based on five replicate analyses of six
samples, was found to range from 3.7 to 21.1 percent relative
standard deviation (O'Leary and Meier, 1986, p. 27). The

ICP method was described by Motooka (1988); the precision
of the method, based on 10 replicate analyses of four sam-
ples, ranged from 0.8 to 4.0 percent relative standard
deviation (Motooka, 1988, table 3).

The archived samples selected for analyses by FAA and
ICP were chosen to give reasonably uniform areal coverage
of the mountainous and mountain-front areas of the Coro-
nado study area. Approximately 150 additional samples col-
lected in 1990 in the Chiricahua, Santa Teresa, and Santa
Catalina Mountains were analyzed by FAA and ICP to
provide coverage where none existed previously.

DATA COVERAGE

Map A, plate 5, shows the Coronado study area, which
encompasses about 25,900 km?2, and the approximate bound-
aries of the 12 units that make up Coronado National Forest,
which encompasses about 7,500 km?. Sampling localities for
the various sample media are shown on maps B-F, plate 5.
Distribution of RASS stream-sediment sampling sites (map
B, pl. 5) is adequate for a regional geochemical evaluation,
but it is not of uniform density and is especially sparse in
parts of the Santa Catalina—Rincon and Pinaleno Forest units
(map B, pl. 5). The average sampling-site density for RASS
stream-sediment samples in the Coronado study area is
approximately one site per 6.5 km?. The average sam-
pling-site density within the 12 units that make up the Forest
is somewhat greater because most of these sites are limited
to the mountain ranges and nearby areas. Map C, plate 5,
shows the sampling sites for samples analyzed by FAA and
[CP expressly for this study; average sampling-site density
for samples in the Coronado study area so analyzed is
approximately one site per 10 km2. The pattern is based on
NURE samples from the Nogales and Tucson 1° x 2° quad-
rangles, basin samples being omitted, and the New Mexico
part of the Douglas 1° x 2° quadrangle, a selected portion of
RASS stream-sediment samples from the Douglas and Silver
City 1° x 2° quadrangles, and the new stream-sediment sam-
ples collected in the Chiricahua, Peloncillo, Santa Catalina,
and Santa Teresa Mountains. Panned-concentrate sampling
sites (map D, pl. 5) are unevenly distributed in Coronado
National Forest; coverage of the Forest units ranges from no
samples in the Galiuro Mountains to heavy coverage in the
southern Pinaleno Mountains. Distribution of rock sampling
sites (map E. pl. 5) is spotty and tends to be heavily concen-
trated in several mining districts. NURE samples (map F, pl.
5) are limited to the Nogales and Tucson 1° X 2° quadrangles
and to the small part of the Douglas 1° x 2° quadrangle that
is in New Mexico. The Arizona parts of the Douglas and Sil-
ver City 1° x 2° quadrangles were apparently never sampled
in the NURE program. However, the only parts of Coronado
National Forest having no NURE coverage are the Chir-
icahua and Pedregosa Mountains, most of the Pinaleno
Mountains, and the eastern part of the Dragoon Mountains.
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NURE coverage of some of the other mountain ranges is
somewhat poor because, apparently, sampling was largely
limited to roads and well-established hiking trails.

GEOCHEMICAL EVALUATION

A large number of the interpretive geochemical studies
of areas in and near Coronado National Forest augment min-
eral resource evaluations of wilderness areas and proposed
wilderness areas. The mineral-resource potential, as of 1984,
of wilderness study areas was cursorily summarized on a
map by Peterson and others (1984); this map also shows the
locations of potential wildernesses not studied by the USGS.
Results of evaluations of National Forest wilderness and
potential wilderness areas that were studied by the USGS
and U.S. Bureau of Mines are summarized by Marsh and
others (1984). Locations of wilderness study areas and estab-
lished wildernesses as of 1986 are shown on wilderness sta-
tus maps of Arizona and New Mexico published by the U.S.
Bureau of Land Management (U.S. Bureau of Land
Management, 1986a, b).

In addition to the many interpretive geochemical stud-
ies of selected areas in and near Coronado National Forest,
three broad regional interpretive geochemical studies have
been carried out by the USGS; two of the studies have been
released. One of the released studies (Chaffee, 1990) is part
of a preliminary mineral resource assessment of the Tucson
and Nogales 1° x 2° quadrangles (Peterson, 1990) and is
based entirely on a compilation of geochemical data
obtained for other studies. The other released broad study is
of the Silver City 1° x 2° quadrangle (Watts and others,
1986a—j; Watts and Hassemer, 1988) and is based on several
thousand panned-concentrate, stream-sediment, rock, and
water samples collected as part of a CUSMAP study of the
Silver City 12 x 2° quadrangle.

In addition to the two released regional studies, a similar
assessment of the Douglas 1° X 2° quadrangle was prepared
as an administrative report. This report was prepared by J.M.
Hammarstrom, Harald Drewes, J.D. Friedman, D.P. Klein,
D.M. Kulik, K.C. Watts, Jr., J.A. Pitkin, S.L. Simpson, and
T.G. Theodore, and will be referred to throughout this report
as “].M. Hammarstrom and others, unpub. data, 1988.” The
Tucson-Nogales, Silver City, and Douglas 1° x 2° quadran-
gle interpretive reports together cover most of Coronado
National Forest; they and interpretive reports of smaller areas
will be referred to in this geochemical evaluation.

Plots of abundances of selected elements in the various
sample media were prepared in order to depict geochemical
trends in the Coronado study area. The selected elements
include Ag, As, Au, B, Ba, Be, Bi, Cd, Ce, Co, Cr, Cu, La.
Mn, Mo, Nb, Ni, Pb, Sb, Sc, Sn, Th, U, V, W, Y, and Zn. The
geochemical evaluation is based most heavily on existing
data from RASS stream-sediment samples and the new FAA
analyses of gold and the 10-element ICP because of the more
complete and uniform coverage by these sample media.

Statistics for the selected elements are presented in
table 2. Threshold (highest background) concentrations
were selected by visual and statistical examination of the
data and by reference to published reports of specific
geochemical studies of areas in southeastern Arizona and
southwestern New Mexico. Table 2 includes published
threshold concentrations established for specific studies
within or adjacent to the Coronado study area; these are
included for reference and illustrate how threshold concen-
trations vary with the scale of the study, variations in local
bedrock types as well as in types of mineralized rock
present, and the judgment of the individual investigator.

Geochemical evaluations of geologic terrain must
establish anomalous elemental concentrations relative to
background. This issue is more difficult when a wide range
of rock types is present. For example, the average concentra-
tion of cobalt in mafic rocks is 48 ppm (parts per million), but
in granite it is 1 ppm (Rose and others, 1979, p. 554). If high
concentrations of cobalt are accompanied by high concentra-
tions of other common constituents of mafic rocks, such as
nickel and chromium, high concentrations of cobalt might be
due to the presence of mafic rocks and therefore are probably
not anomalous. On the other hand, high concentrations of
cobalt accompanied by high concentrations of base metals
but not by nickel and chromium may indicate that hydrother-
mal activity is responsible for the high concentrations. Cobalt
is part of the geochemical signature for a number of mineral
deposit types that are not associated with mafic rocks, such
as porphyry copper-molybdenum (Cox, 1986). Therefore,
the recognition of geochemical signatures is an important
part of the geochemical evaluation of Coronado National
Forest in view of the wide range of bedrock types.

The geochemical evaluation in this study identifies
geochemical signatures that may be related to hydrothermal
processes. Obviously, the elements analyzed by 10-element
ICP and FAA (Au, As, Ag, Bi, Cd, Cu, Mo, Pb, Sb, and Zn)
are evidence of hydrothermal processes when they are
present together in anomalous concentrations. Other ele-
ments such as barium, tungsten, and manganese can also be
part of the geochemical signature for hydrothermal mineral
deposits.

The 12 Coronado National Forest units, divided into 35
subareas on the basis of very generalized geology, are listed
in table 3 and are shown on map A, pl. 5. The geology of
each subarea is adapted from the Geologic Map of Arizona
(Reynolds, 1988), the New Mexico Geologic Highway Map
(New Mexico Geological Society, 1982), and from selected,
more detailed geologic reports. These more detailed reports
are referenced in the mineral resource or geologic reports
for the Silver City, Douglas, and Tucson-Nogales 1° x 2°
quadrangles (Drewes and others, 1985; J.M. Hammarstrom
and others, unpub. data, 1988; Peterson and others, 1990,
tables 1 and 2). Elements considered to be present in anom-
alous concentrations in samples from each subarea are listed
in table 3.
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Table 3 ranks the subareas in terms of “geochemical
intensity” on a scale of 1-10, 10 being the most
geochemically anomalous area. Geochemical intensity is
based on the number of elements present in anomalous con-
centrations, the proportion of samples having anomalous con-
centrations of selected elements, and the magnitude of
anomalous concentrations in individual samples. The
geochemical intensity is heavily weighted in favor of the ele-
ments Ag, As, Au, Bi, Cd, Cu, Mo, Pb, Sb, W, and Zn, lesser
weight being given to Ba, Mn, and Sn. Other elements con-
sidered in this geochemical evaluation (B, Be, Ce, Co, Cr, La,
Nb, Ni, Se¢, Th, U, V, Y) may be related to bedrock type in
many places, but are also considered because high concen-
trations can indicate mineral deposits normally associated
with a specific rock type, such as the association of
Be-Nb-Th-U-REE (rare-earth element)-bearing pegmatites
with certain granites.

Distributions of concentrations of selected elements in
stream-sediment and panned-concentrate samples are shown
on maps G—Q, plate 5. These maps show the localities only
of those samples that contain anomalous concentrations.
Geochemically anomalous areas in each of the 12 Coronado
National Forest units are shown on plates 6-8. The plates
also show distributions of all samples analyzed for Au (by
FAA)and for Ag, As, Cu. Mo, Pb, Sb, and Zn (by ICP). Con-
centration ranges shown on these plates are divided into
anomalous, high background, and background categories.
Elements present in anomalous abundances in a large pro-
portion (at least 30 percent) of samples are considered to be
part of the geochemical signature of their source area. FAA
and ICP data were used principally to identify the elemental
constituents of the geochemical signatures; elements present
in anomalous abundances (as determined by emission spec-
trographic analysis) in stream-sediment and panned-concen-
trate samples are added to these elemental suites wherever
these data present additional evidence concerning the
presence of mineralized rock.

Rock samples were considered during preparation of
this report, but their limited coverage reduces their utility.
Geochemically anomalous rock samples tend to be samples
of mineralized or altered rocks, which are anomalous by def-
inition in terms of regional geochemistry. Nevertheless, the
rock data are useful because they show elemental associa-
tions that may be used to characterize and distinguish vari-
ous types of mineralizing systems, including zonation
patterns indicative of such systems.

The remainder of this chapter examines geochemical
relations in each of the 35 subareas established on the basis
of geology. Each area is assigned a unique three-character
code that consists of a capital letter, an Arabic number, and
a lower case letter (map A, pl. 5). The capital letter desig-
nates the map area containing the subarea. The 12 Forest
units are shown on plates 6-8: plate 6. Santa Catalina—Rin-
con and Santa Teresa, Galiuro, Winchester, and Pinaleno
Forest units; plate 7, Dragoon, Peloncillo, and

Chiricahua-Pedregosa Forest units; plate 8, Santa Rita,
Atascosa—Cobre—Coches—Pajarito~San  Luis—-Tumacacori,
Whetstone, and Patagonia-Huachuca-Canelo Forest units.
All of the maps, with the exception of the one showing the
Dragoon Forest unit, comprise more than one Forest unit.
Forest units within map areas are given unique Arabic num-
bers. Areas within numbered Forest units, divided on the
basis of geology, are assigned lower case letters. For
instance, the area designated D2e is geologically subdi-
vided area *“‘¢” in Forest unit 2, which can be found on plate
8: this area is on the east flank of the Patagonia-Huachuca-
Canelo Forest unit.

SANTA TERESA MOUNTAINS (A1)

Published regional geochemical study of the Santa Ter-
esa Mountains Forest unit is limited to a mineral resource
evaluation of the Black Rock Wilderness Study Area
(Simons and others, 1987), which adjoins the east side of the
Forest. The Santa Teresa Wilderness covers about half of the
Santa Teresa Mountains Forest unit (U.S. Bureau of Land
Management, 1986a), but the USGS was never asked to
undertake a study of this area.

Most of the Santa Teresa Mountains Forest unit (pl. 6)
is underlain by Tertiary granitoid rocks (Simons, 1964; Blacet
and  Miller, 1978).  Proterozoic  granitoid and
metasedimentary rocks, Paleozoic and Mesozoic sedimen-
tary rocks, or Cretaceous to Tertiary intrusive and volcanic
rocks occupy the northwest and southeast ends of the Forest
unit.

The west side of the Santa Teresa Mountains Forest unit
(pl. 6) is coincident with part of the Aravaipa mining district.
The district contains middle Tertiary lead-zinc-silver
polymetallic vein and replacement deposits (Keith, Gest, and
DeWitt, 1983; Keith and others, 1983). Ina preliminary min-
eral resource assessment of the Tucson and Nogales 1° x 2°
quadrangles, Jones (1990) classified existing mineral depos-
its in the Santa Teresa Mountains Forest unit as zinc-lead
skarns, polymetallic replacements, polymetallic veins, por-
phyry copper-molybdenum, and flat-fault gold. A beryl-
lium-thorium-rare-earth-element-bearing pegmatite  was
reported for the Lucky Strike claim (U.S. Geological Survey
and others, 1969, p. 247-249). On the basis of geologic,
geochemical, and geophysical criteria, Jones (1990) outlined
parts of the Santa Teresa Mountains Forest unit as being
favorable for deposits of the preceding types and also for
epithermal precious-metal deposits.

AREA Ala

Bedrock in area Ala, the northwestern part of the Santa
Teresa Mountains Forest unit, is predominantly Paleozoic
and Mesozoic sedimentary rocks that include some
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carbonate units; Proterozoic granitoid and metasedimentary
rocks and Cretaceous to Tertiary intrusive and volcanic
rocks are also present. Part of the Aravaipa mining district
extends into the southern part of area Ala. Polymetallic vein
and replacement deposits were mined and prospected in the
past (Simons, 1964, p. 124-127).

Stream-sediment samples contained anomalous con-
centrations of Bi, Cd, Cu, Mn, Mo, Pb. Sb, and Zn.
Panned-concentrate samples contained anomalous concen-
trations of Ba, Bi, Cu, Mo, Sn. and W. Rock samples con-
tained anomalous concentrations of silver, bismuth,
molybdenum, and zinc. Ore minerals that are present in
deposits of the area (Simons, 1964, p. 120-121) can account
for all of the elements present in anomalous concentrations
except for tin. The southern part of area Ala is part of a
geochemically anomalous region characterized by the
Ag-As-Au-Bi-Cd-Cu-Mo-Pb-Sb-Sn-Zn geochemical signa-
ture (pl. 6). In addition to the polymetallic replacement and
polymetallic vein deposits known to be present, the
geochemical signature may indicate a porphyry cop-
per-molybdenum deposit at depth. as suggested by Chaffee
(1990, p. 21); tin is part of the distal porphyry copper-
molybdenum deposit signature (Cox, 1986). Other elements
present in anomalous concentrations in samples from the
area are boron, beryllium, cobalt, niobium, and thorium;
these elements may indicate the presence of pegmatite, but
only thorium is present in highly anomalous concentrations.
Jones (1990) categorized parts of area Ala as favorable for
the presence of skarn and replacement deposits, polymetallic
vein deposits, and flat-fault gold deposits. The area is ranked
4 on the geochemical-intensity scale (table 3), but the
southern part is strongly anomalous.

AREA Alb

Bedrock in most of the middle Santa Teresa Mountains
Forest unit consists of Tertiary granitoid rock. The geology
of area A1b is homogeneous, but geochemical data indicate
that the area can be divided into small western and eastern
parts, and a large central part. Hydrothermal alteration pro-
cesses affected margins of the Tertiary granitoid rocks that
make up most of the central part of the area.

Proterozoic granitoid and metamorphic rocks are
present on the west side of area Alb. Proterozoic metamor-
phic and Tertiary volcanic rocks are present on the east side
of the area. The center of area Alb was not sampled; how-
ever, the center is a topographic high and if geochemical
anomalies are present they would probably be reflected in
samples obtained from streams draining margins of the area.

Part of the Aravaipa mining district is coincident with
area Alb. Polymetallic vein deposits associated with the
Grand Reef fault near the western side of area A1b have been
mined and prospected (Simons, 1964, p. 124-127). The area
near the western border is one of the most geochemically

anomalous parts of Coronado National Forest. Stream-sedi-
ment samples from near the western border contained
strongly anomalous concentrations of Au, Ag, As, Bi, Cd,
Cu, Mo, Pb, Sb, Zn, Sn, and W. The western part of area A1b
is the most geochemically anomalous part of an area
characterized by the Ag-As-Au-Bi-Cd-Cu-Mo-Pb-Sb-Sn-Zn
geochemical signature that extends into area Ala to the north
and Alc on the south. The geologic setting and geochemical
signature are similar to area Ala, except for the lack of car-
bonate sedimentary rocks. Therefore, the west side of area
A1b has potential for polymetallic vein deposits and possibly
for porphyry copper-molybdenum deposits at depth. Jones
(1990) indicated that the west side of area Alb is favorable
for the occurrence of porphyry copper deposits, polymetallic
vein deposits, and flat-fault gold deposits.

Stream-sediment samples near the east central border of
area Alb contained anomalous concentrations of Ag, Cu,
Mo, Pb, Zn, and Sn. Panned-concentrate samples had anom-
alous concentrations of bismuth. Rock samples from this
area had anomalous concentrations of Ag, Bi, Cu, Mo, Pb,
Zn, and Ba. In addition, stream-sediment samples from
drainage basins that are slightly east of area A1b had anom-
alous concentrations of lanthanum, niobium, yttrium, and
thorium; panned-concentrate samples had anomalous con-
centrations of yttrium and thorium; and rock samples had
anomalous concentrations of beryllium, lanthanum, and nio-
bium. The geochemical signature for the east-central part of
area Alb is Bi-Co-Cr-La-Nb-Pb-Sn-Th-V-Y. These data and
geologic criteria caused Simons and others (1987) to assign
moderate potential for REE (based on analyses for lantha-
num and yttrium), thorium, and tin deposits to the western
part of the Black Rock Wilderness Study Area and adjoining
parts of area Alb; these deposits might be present as vein,
greisen, pegmatite, or contact-metamorphic deposits associ-
ated with Tertiary granitoid rocks. Jones (1990) indicated
that the east part of area Alb is favorable for the occurrence
of porphyry copper deposits, epithermal precious-metal
deposits, and flat-fault gold deposits.

No panned-concentrate or rock samples were collected
in the highly anomalous western part of the area but the high
proportion of anomalous stream-sediment samples and the
magnitude of the concentrations give area Alb an overall
ranking of 9 on the geochemical-intensity scale.

AREA Alc

Bedrock in the south and southeast parts of the Santa
Teresa Mountains (area Alc) consists of Proterozoic grani-
toid and metamorphic rocks cut by Tertiary rhyolite dikes.
According to Jones (1990), the Lucky Strike claim, where a
beryllium-thorium-REE bearing pegmatite crops out, is
present in Proterozoic granite.

Stream-sediment  samples contained anomalous
concentrations of Ag, Bi, Cd, Cu, Mo, Pb, and Zn. Panned-
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concentrate samples contained anomalous concentrations of
Ag, As, Bi, Cu, Mo, and Pb. Rock samples contained anom-
alous concentrations of Ag, As, Bi, Cd, Cu, Mo, Pb, W, and
Zn. In addition, Mn, Sn, La, Nb, and Y concentrations were
anomalously high in stream-sediment samples; Ba, Sn, Y,
and Th concentrations were anomalously high in
panned-concentrate samples; and Ba, La, and Nb concentra-
tions were anornalously high in rock samples. Three anoma-
lous areas are outlined in area Alc (pl. 6). One of these,
discussed above, is characterized by a Bi-Co-Cr-La-Nb-
Pb-Sn-Th-V-Y geochemical signature and extends into area
Alb. Of the other two anomalous areas, the northeastern one
is characterized by a Ba-Bi-Co-Cr-La-Mo-Nb-Ni-Pb-Sn
geochemical signature, whereas the southeastern one is char-
acterized by a Co-Sn-Y-Zn geochemical signature. Simons
and others (1987) assigned moderate potential for Th and Be
resources, for Cu, Pb, Mo, Co, Sn, and V resources, and for
W and Mo resources to parts of the Black Rock Wilderness
Study Area, which adjoin the Forest on the northern border
of area Alc. Jones (1990) included the area in a broad area
that includes the Santa Teresa Mountains and indicated that
the area is favorable for the occurrence of porphyry copper
deposits. Jones (1990) indicated a small part of area Alc that
is associated with a detachment fault (Simons and others,
1987) in Tertiary volcanic rocks as favorable for the occur-
rence of epithermal precious-metal deposits. However, the
overall geochemical signature of area Alc includes weak
anomalies and, except for Proterozoic rocks, units in the
Black Rock Wilderness Study Area extend only a short dis-
tance into area Alc. Most of the samples that contained
anomalous concentrations are in or near the Black Rock Wil-
derness Study Area and are primarily outside Coronado
National Forest. Anomalous concentrations of molybdenum
and tungsten are in samples from streams that drain area Alc
and may reflect contact-metamorphic minerals (Simons and
others, 1987, p. C8). Area Alc is ranked 3 on the
geochemical-intensity scale.

GALIURO MOUNTAINS (A2)

AREA A2a

The entire Galiuro Forest unit (pl. 6) was studied (Crea-
sey and others, 1981; Creasey and Jinks, 1984) during a min-
eral resource evaluation of the Galiuro Wilderness and
contiguous Further Planning Areas. During the evaluation by
Creasey and others (1981), the geology of the range was
mapped and 481 stream-sediment and 46 rock samples were
collected. Most of the rock samples were from altered zones.

Area A2a is underlain almost exclusively by Tertiary
volcanic rocks whose compositions range from rhyolite to
andesite. The Copper Creek (Bunker Hill) mining district,
noted for its copper-molybdenum breccia-pipe deposits
(Simons, 1964, p. 127-131), is adjacent to the northwest
corner of the area. The breccia pipes were tentatively

identified as part of a porphyry copper-molybdenum system
(Creasey and others, 1981, p. 54-57, 64-65, 87, 92)
associated with Cretaceous granodiorite. The Copper Creek
district includes a porphyry copper deposit of Late
Cretaceous to Tertiary age (Keith, Gest, and DeWitt, 1983;
Keith and others, 1983). Jones (1990) indicated that deposits
in the Copper Creek district are porphyry copper, polymetal-
lic veins, flat-fault gold, and epithermal precious-metal vein
deposits. Although the rocks that host the deposits at Copper
Creek are almost entirely covered by Tertiary volcanic rocks
in the Forest, mineralized rocks that are part of the Copper
Creek system may extend for many kilometers into the
Forest under volcanic'cover.

The Rattlesnake district, the other mining district in the
Galiuro Mountains Forest unit, is a vein- and replace-
ment-silver type (without lead and zinc) of middle Tertiary
age (Keith, Gest, and DeWitt, 1983; Keith and others,
1983). Jones (1990) considered the deposits in the Rattle-
snake district to be epithermal precious-metal veins. These
precious-metal deposits are in altered Tertiary volcanic
rocks associated with faults (Creasey and others, 1981, p.
55-57, 92).

The bulk of ore production from the Galiuro Mountains
was from the Copper Creek district. Gold was a byproduct of
the production of base metals in the Copper Creek district but
gold and silver were the primary commodities produced
from the small mines in the Rattlesnake mining district in the
central part of the Galiuro Mountains.

Stream-sediment samples from the Galiuro Mountains
Forest unit contained anomalous concentrations of Au, Ag,
As, Cd, Cu, Mo, Pb, Sb, Zn, Ba, Mn, and Sn. Rock samples
contained anomalous concentrations of Ag, As, Cu, Pb, Sb,
W, Zn, Ba, Mn and Sn. No panned-concentrate samples were
collected. Five anomalous areas are outlined in area A2a (pl.
6). The geochemical signature for the area near Copper
Creek is Cu-Zn. The northern part of area A2a is character-
ized by an As-Au-Cu geochemical signature. The geochem-
ical signature near the Rattlesnake district is only gold. Two
areas are outlined on the basis of this gold signature; they
extendto the west and southeast for many kilometers beyond
the Rattlesnake district. The fifth anomalous area is charac-
terized by an As-Sb geochemical signature and adjoins one
of the areas characterized by the gold signature. These
geochemical features are consistent with the presence of
known polymetallic vein deposits and with porphyry cop-
per-molybdenum deposits. Creasey and others (1981) and
Chaffee (1990, p. 21) suggested that scattered copper and sil-
ver anomalies in the Galiuro Mountains may be due to leak-
age through volcanic rocks from underlying porphyry
copper-molybdenum systems.

Jones (1990) indicated that the northwestern part of the
Galiuro Mountains Forest unit is favorable for the occur-
rence of porphyry copper deposits and that most of this For-
est unit is favorable for the occurrence of epithermal
precious-metal deposits. In this report, the area is assigned a
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ranking of 5 on the geochemical-intensity scale because of
the small proportion of anomalous samples. However, low
but anomalous concentrations of gold (2-5 ppb) in
stream-sediment samples without accompanying anomalous
concentrations of other elements may be the signature of epi-
thermal precious-metal systems.

WINCHESTER MOUNTAINS (A3)

Most of the Winchester Mountains Forest unit (pl. 6)
was included in a mineral resource evaluation of the Win-
chester Roadless Area (Keith and others, 1982; Keith and
Kreidler, 1984). Stream-sediment, panned-concentrate, and
rock samples were analyzed as a part of that evaluation (Sut-
ley and others, 1983; Chaffee, 1985). The Winchester Moun-
tains are underlain by silicic Tertiary volcanic rocks that
range in composition from rhyolite to latite and are partially
covered by vesicular Tertiary basalt (Creasey and others,
1961; Keith and others, 1982). Evidence of mineralized rock
or of prospecting in the Winchester Mountains is almost
nonexistent (Keith and others, 1982). Jones (1990) included
the Winchester Mountains and the Galiuro Mountains in a
large tract that is considered to be favorable for the occur-
rence of deposits of epithermal precious metals.

AREA A3a

The central to western part of the Winchester Moun-
tains Forest unit is underlain by Tertiary rhyolite, which is
partially capped by Tertiary basalt. Some stream-sediment
samples have anomalous concentrations of molybdenum,
antimony, zinc, and barium. Panned-concentrate samples
contained anomalous concentrations of copper and tin. An
anomalous area characterized by an antimony geochemical
signature (pl. 6) overlaps area A3b (described below).
Except for antimony and possibly zinc, the elements present
in apparently anomalous concentrations in drainage and rock
samples from area A3a appear to reflect the two rock types
in the area, rhyolite and basalt. Chaffee (1985) suggested
that anomalous elemental abundances not related to bedrock
type may result from human contamination. Overall, this
area is the least anomalous noted in this study and is ranked
1 on the geochemical-intensity scale.

AREA A3b

The eastern part of the Winchester Mountains Forest
unit is underlain by Tertiary rhyolite to latite. Stream-sedi-
ment samples contained anomalous concentrations of Mo,
Pb, Sb, Zn, Ba, and Mn. Panned-concentrate samples con-
tained anomalous concentrations of molybdenum and tin,
and rock samples contained anomalous concentrations of
barium. These geochemical features are similar to those of

the central to western part (area A3a) of the Winchester
Mountains Forest unit except that antimony abundances are
anomalously high in several samples from the eastern part
of area A3b; the only sample from the western part that
contained an anomalous concentration of antimony is from
near the border with the eastern part. The anomalous area
characterized by the antimony signature covers most of area
A3b and overlaps the east edge of area A3a (pl. 6). These
anomalous concentrations of antimony may indicate that
epithermal precious-metal deposits are present. The area is
somewhat more anomalous than is the western part of the
Winchester Mountains and is ranked 3 on the
geochemical-intensity scale.

PINALENO MOUNTAINS (A4)

Most of the Pinaleno Mountains Forest unit (pl. 6) was
included in CUSMAP studies of the Silver City 1° x 2° quad-
rangle; a geochemical study was an important part of that
investigation (Watts and Hassemer, 1988). Data from
panned-concentrate samples were the primary basis for
interpretation of the geochemistry of the Silver City 1° x 2°
quadrangle. No USGS geochemical studies of the Mount
Graham (U.S. Bureau of Land Management, 1986a) or the
Kane Springs Wilderness Study Areas (Peterson and others,
1984), both in the Pinaleno Mountains Forest unit, were
undertaken.

Most of the Forest unit is underlain by Proterozoic
rocks except the southern part, where Tertiary rocks of pos-
sible economic significance predominate (Blacet and Miller,
1978; Bergquist, 1979; Thorman, 1981; Drewes and others,
1985). Mining districts in the Pinaleno Mountains Forest
unit are the Black Beauty (Proterozoic tungsten skarn and
tungsten veins or pegmatites), the Black Hawk (middle Ter-
tiary manganese veins), and the Clark (middle Tertiary poly-
metallic Pb-Zn-Ag vein and replacement deposits) (Keith,
Gest, and DeWitt, 1983; Keith and others, 1983); these
deposits are all in the Tucson 1° X 2° quadrangle. Deposits
in the Black Beauty district are probably of the tungsten-vein
type, whereas those in the Clark district are epithermal veins
(Jones, 1990). Deposits in part of the Pinaleno Mountains
Forest unit within the Silver City 1° x2°° quadrangle include
manganese oxides, uranium veins, and beryllium pegmatites
(Richter and Lawrence, 1983).

AREA Ada

Area Ada comprises the northwest half of the Pinaleno
Mountains Forest unit. The eastern part of area A4a was
included in the Silver City 1° X 2° quadrangle study. Area
Ada is underlain by Proterozoic metamorphic rocks, except
for the western end and other scattered areas, where the
bedrock consists of Proterozoic granitoid rocks. A
detachment fault separates upper-plate Tertiary volcanic and
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sedimentary rocks from lower-plate Proterozoic rocks
immediately west of the northwestern end of the Forest unit
(Peterson, 1990, pl. 1).

Stream-sediment samples contained anomalous con-
centrations of Au, Ag, Bi, Pb, Zn, Mn, and Sn. Panned con-
centrate-samples contained anomalous concentrations of Ag,
Bi, Mo, Pb, W, Ba, and Sn. Rock samples contained anoma-
lous concentrations of tin and tungsten. Most anomalous
concentrations were in single samples from clusters of sam-
ples whose geochemistry was otherwise not anomalous.
However, stream-sediment samples from streams draining
the southwest side of the western part of area Ada consis-
tently contained 6 ppb or greater gold; silver concentrations
in most of these samples were high background levels, and
zinc was anomalously high in a few samples. This anomalous
area is shown as one characterized by a gold signature (pl. 6).
The presence of gold and silver anomalies (along with some
zinc) and the geology suggest that low-sulfide gold-quartz
veins may be present in the western part of area Ada. Alter-

natively, the gold and silver may have been derived from.
immediately below the

altered and deformed rocks
detachment fault that extends a short distance to the north.

Manganese and tin abundances in sediment samples
and molybdenum and tungsten abundances in panned-con-
centrate samples were anomalously high in the northern part
of area A4a. The Black Hawk manganese district and the
Clark epithermal-vein district are near this area. Jones
(1990) included only the western end of area A4a in a large
tract that is favorable for the occurrence of porphyry copper
deposits because the Proterozoic rocks that underlie its east-
ern part pre-date Arizona porphyry copper deposits.
Although areas of some geochemical interest are present, the
geochemistry of area A4a is overall only mildly anomalous
and is assigned a ranking of 3 on the geochemical-intensity
scale.

AREA A4b

The southeastern half of the Pinaleno Mountains, area
Adb, was included in the Silver City 1° x 2° quadrangle
CUSMAP study. The area is underlain by Proterozoic gneiss
and granitoid rocks, Tertiary volcanic rocks, and Tertiary
granitoid rocks. Base- and precious-metal-vein and replace-
ment, precious-metal (and uranium) vein, and manganese
vein (Richter and others, 1986) deposits are known to be
present in area A4b. Watts and Hassemer (1988) noted the
occurrence of several geologic features that indicate consid-
erable mineral resource potential in this area, including sev-
eral major faults, a volcanic center, and specialized granitoid
rocks. Abundant fluorite was noted by Watts and Hassemer
(1988) in panned-concentrate samples from the area.

NURE samples were not collected in the area. RASS
stream-sediment samples contained anomalous concentra-
tions of Au, Ag, As, Bi, Cd, Cu, Mo, Pb, Sb, Zn, Ba, Mn, and
Sn. Stream-sediment samples also contained anomalous

concentrations of Be, La, Nb, V, Y, and Th; La and Y
concentrations were especially anomalous. Panned-
concentrate samples had anomalous concentrations of Au,
Ag, As, Bi, Cd, Cu, Mo, Pb, W, Ba, and Sn. They also con-
tained anomalous concentrations of B, Be, La, Nb, Sc¢, V. Y,
and Th; Nb, Sc, V, Y, and Th were especially abundant.
About two-thirds of area A4b is divided into three
anomalous areas that have Be-Bi-Mo-Sn-W, Bi-La-Sn-
Th-Y, and Ag-As-Bi-Cr-Cu-La-Mo-Nb-Ni-Pb-Sb-Th-V-Zn
geochemical signatures, respectively.

The geochemical signatures and the geologic setting
suggest that a number of mineral deposit types, including
polymetallic veins, a variety of skarn types, Th-Nb-REE-
bearing pegmatites, tin greisens, Climax-type molybdenum
deposits, or epithermal gold deposits, could be present in
area A4b. According to Richter and others (1986), parts of
area A4b are favorable for stockwork molybdenum
(Climax-type), manganese vein, and fluorite deposits. The
proportion of anomalous samples and the magnitude of
anomalous concentrations of some elements result in a
ranking of 7 on the geochemical-intensity scale.

PELONCILLO MOUNTAINS (B1)
AREA Bla

Previous geochemical studies in and near the Peloncillo
Forest unit (pl. 7) were conducted as part of mineral resource
evaluations of potential wilderness areas. The Bunk Robin-
son Peak and Whitmire Canyon Roadless Areas (Hayes and
others, 1983; Watts and others, 1983; Hayes and Brown,
1984) are within the Forest. Two U.S. Bureau of Land Man-
agement wilderness study areas are adjacent to the south side
of the national forest (U.S. Bureau of Land Management,
19864a,b); the Baker Canyon Wilderness Study Area was
included in the geochemical study of the Whitmire Canyon
Roadless Area (Watts and others, 1983), and geochemical
samples from the Guadalupe Canyon Instant Study Area
were considered in the mineral resource evaluation of Coro-
nado National Forest, but the data have not been published
previously. The NURE program included the New Mexico
part of the Peloncillo Mountains Forest unit (U.S. Depart-
ment of Energy, 1981a; Sharp and others, 1978), and those
geochemical data are included in the data base. The data base
also includes data for 11 stream-sediment samples collected
in 1990 specifically for the Coronado National Forest
mineral resource evaluation.

The Peloncillo Mountains are underlain mostly by Ter-
tiary rhyolite and minor Tertiary andesite (Cooper, 1959;
Wrucke and Bromfield, 1961; Drewes, 1980; Hayes, 1982).
Elston (1978) and Hayes and Brown (1984) suggested that
the area is within a middle Tertiary caldera complex. The
Cottonwood Basin mining district, containing middle Ter-
tiary manganese vein deposits (Keith, Gest, and DeWitt,
1983; Keith and others, 1983), is in the center of the
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Peloncillo Mountains Forest unit. According to Farnham and
others (1961, p. 10, 40), the Jasper (Lucky Strike) claim is
part of the district; manganese oxides at the claim are present
as numerous seams, stringers, and pockets in a shear zone.
The Jasper claim is considered to be an epithermal manga-
nese deposit (J.M. Hammarstrom and others, unpub. data,
1988). The Silvertip Mine, which Elston and others (1979, p.
1, fig. 1) suggested contains minor silver, is also part of the
district; the geochemical signature for epithermal manga-
nese deposits (Mosier, 1986), may include silver. However,
manganese 1Is not present in anomalous abundances in any
samples from the area of the Jasper claim-Silvertip Mine
and silver abundances are not anomalous in any samples
from the Peloncillo Mountains Forest unit.

Stream-sediment samples contained anomalous con-
centrations of Au, Bi, Cd, Cu, Mo, Pb, Sb, Zn, Mn, and Sn.
An area underlain by Paleozoic and Mesozoic sedimentary
rocks south of this Forest unit is characterized by a clustering
of anomalous abundances in stream-sediment samples of the
elements listed above. If these sedimentary rocks extend into
the Forest unit beneath the Tertiary volcanic rocks, they are
not reflected by the geochemical patterns, except that the
patterns of bismuth and antimony anomalies seem to overlap
the area of contact between sedimentary and volcanic rocks.
Panned-concentrate samples contained anomalous concen-
trations of As, Mo, Pb, Sb, W, Zn, Ba, Mn, and Sn. Highly
anomalous concentrations of arsenic, antimony, barium, and
tin were found in panned-concentrate samples from the cen-
tral to southern parts of the Peloncillo Mountains Forest unit.
The only analyzed rock samples from the Peloncillo Moun-
tains Forest unit appear to be from the mineralized areas
mentioned above and they had anomalous concentrations of
barium and beryllium.

In addition to the elements mentioned above, some
samples from the Peloncillo Mountains contained highly
anomalous abundances of beryllium, lanthanum, niobium,
and scandium. Three anomalous areas are outlined on plate
7. The geochemical signature of the largest of these, which
covers most of the central part of the Forest unit, is
As-Be-Nb-Sn. An anomalous area that includes the Silvertip
district is outlined (pl. 7) solely on the basis of barium. At the
south end of the Peloncillo Forest unit an anomalous area is
outlined (pl. 7) on the basis of a beryllium-antimony
geochemical signature. Geochemical signatures of area Bla,
coupled with the geology, suggest that undiscovered Cli-
max-type molybdenum deposits that contain precious metals
may be present in this area (J.M. Hammarstrom and others,
unpub. data, 1988). Highly anomalous concentrations of
arsenic and antimony in panned-concentrate samples suggest
that epithermal precious-metal deposits may be present.
Area Bla is ranked 4 on the geochemical-intensity scale
because the proportion of samples having anomalous con-
centrations is low. However, the southwestern part is
geochemically more anomalous than is area Bla as a whole.

CHIRICAHUA AND PEDREGOSA
MOUNTAINS (B2)

The central part of the Chiricahua and Pedregosa
Mountains Forest unit (pl. 7) was sampled as part of the min-
eral resource evaluation of the Chiricahua Wilderness
(Drewes and Williams, 1973; Drewes and Williams, 1984).
The areas east and north of Chiricahua National Monument
were sampled as part of the mineral resource evaluation of
the North End Roadless Area (Drewes, Moss, and others,
1983; Drewes and Bigsby, 1984) and as part of CUSMAP
studies of the Silver City 1° x 2° quadrangle (Watts and Has-
semer, 1988). In November of 1990, 95 stream-sediment
samples were collected in the Chiricahua and Pedregosa
Mountains, west, south, and east of the Chiricahua Wilder-
ness. NURE samples were not collected in the Chiricahua
and Pedregosa Mountains.

The entire Chiricahua and Pedregosa Mountains Forest
unit is included on a 1:125,000-scale geologic map of south-
eastern Arizona (Drewes, 1980). Parts of the Forest unit
were mapped, mostly at larger scales, by Sabins (1957),
Cooper (1959), Drewes and Williams (1973), Drewes (1981,
1982), and Drewes and Brooks (1988). Rocks in the Chir-
icahua and Pedregosa Mountains Forest unit range in age
from Proterozoic to Quaternary. The large central mass of
the mountain range is underlain by Tertiary extrusive and
intrusive rocks that are part of the Turkey Creek caldera (du
Bray and Pallister, 1991). The northern and southern parts of
the Forest unit are underlain by Proterozoic granitoid rocks
and metamorphic rocks, Paleozoic, Mesozoic, and Creta-
ceous sedimentary rocks, Cretaceous and Tertiary intrusive
and volcanic rocks, and Tertiary and Quaternary basalt.

Mining districts in the Chiricahua and Pedregosa
Mountains Forest unit are the California (Chiricahua) and
Rucker Canyon districts, which contain middle Tertiary
lead-zinc-silver polymetallic vein and replacement deposits
(Keith, Gest, and DeWitt, 1983; Keith and others, 1983).
The Rucker Canyon district was a minor producer (200 tons
of base and (or) precious metals) compared to the California
district (30,000 tons). J.M. Hammarstrom and others
(unpub. data, 1988) classified the deposits in that part of the
California district that is in the Douglas 1° x 2° quadrangle
(south of lat 32° N.) to be porphyry copper skarn-related,
copper skarn, zinc-lead skarn, tungsten skarn, polymetallic
vein, and polymetallic replacement deposits. The deposits in
the Silver City 1° x 2° part of the California district (north of
lat 32° N.) and north of the district are base- and pre-
cious-metal vein and polymetallic replacement deposits
(Richter and Lawrence, 1983).

AREA B2A

The area north, east, and southeast of Chiricahua
National Monument is underlain by Proterozoic granitoid
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rocks, Paleozoic and Cretaceous sedimentary rocks and Ter-
tiary intrusive and volcanic rocks. Area B2a includes most of
the California mining district. This area is also the location
of a thick accumulation of volcanic rocks centered on
Cochise Head and may contain the source for some of the
rhyolite flows and other volcanic rocks in the Chiricahua
Mountains (Drewes and others, 1985).

Stream-sediment samples contained anomalous con-
centrations of Au, Ag, As, Bi, Cd, Cu, Mo, Pb, Sb, W, Zn,
Ba, Mn, and Sn. Panned-concentrate samples contained
anomalous concentrations of Ag, As, Bi, Cd, Cu, Mo, Pb, W,
Zn, Ba, and’Sn. High-density rock sampling was done in
mineralized areas; rock samples contained anomalous con-
centrations of Ag, As, Au, Bi, Cd, Cu, Mo, Pb, Sb, W, Zn,
Ba, Mn, and Sn. Two anomalous areas that include most of
area B2a are outlined on plate 7. The geochemical signature
of the northern part of area B2a is As-Au-Sb. Most of the
remainder of area B2a has the signature Ag-As-Au-Ba-
Cd-Co-Cr-Cu-Mo-Ni-Pb-Sb-Sn-Zn.

As discussed above, the California mining district is in
area B2a. Base- and precious-metal vein and replacement
deposits are present in the Silver City 1° X 2° quadrangle
(Richter and others, 1986), whereas skarn, porphyry copper
skarn-related, and polymetallic vein and replacement depos-
its are present in the Douglas 1° x 2° quadrangle (J.M. Ham-
marstrom and others, unpub. data, 1988). The part of the area
within the Silver City 1° x 2° quadrangle is also favorable for
the occurrence of porphyry copper-molybdenum deposits of
several types, tungsten vein deposits, and Spor Moun-
tain—type beryllium deposits (Richter and others, 1986). The
potential for beryllium deposits is presumably based on the
presence of rhyolite tuffs and Paleozoic carbonate sedimen-
tary rocks and the reasoning that by analogy these tuffs and
sedimentary rocks may be similar to those at Spor Mountain,
Utah (Shawe, 1968). The geochemical signatures are spa-
tially coincident and compatible with known deposits in the
area and indicate that other types of deposits may be present
in area B2a. The area is ranked 7 on the geochemical-inten-
sity scale because of the large number of anomalous samples
and elements and magnitude of the anomalies.

AREA B2b

The middle half of the Chiricahua Mountains (area
B2b) is underlain by Tertiary volcanic rocks and subvolcanic
intrusive rocks; the center of the Turkey Creek caldera is in
the western part of the area. The Rucker Canyon mining dis-
trict (see above) is in this area; information concerning the
district is sparse. Mineralized rock in the area may be related
to the Turkey Creek caldera. Stream-sediment samples con-
tained anomalous concentrations of Au, Ag, As, Bi, Cd, Cu,
Mo, Pb, Sb, W, Zn, and Sn. Panned-concentrate samples
contained anomalous concentrations of Ag, As, Cd, Cu, Mo,
Pb, Sb, Zn, Ba, and Sn. Rock samples contained anomalous

concentrations of Ag, As, Bi, Mo, Ba, and Sn. Geochemical
anomalies in area B2b (pl. 7) extend well beyond the Rucker
Canyon district. The geochemical signature of the northeast-
ern part of area B2b is Ag-As-Au-Bi-Cd-Cu-Mo-Pb-Sb-Zn;
the anomaly extends north into area B2a. Two smaller parts
of area B2b have Mo-Zn and As-Au geochemical signatures,
respectively.

The geologic setting and geochemical data suggest that
porphyry tin, tin-polymetallic veins, or epithermal veins
could be present. The geochemical signature is also appro-
priate for Climax-type porphyry molybdenum deposits (J.M.
Hammarstrom and others, unpub. data, 1988). The area is
ranked 6 on the geochemical-intensity scale.

AREA B2c

The west half of the Pedregosa Mountains is underlain
mainly by Tertiary volcanic rocks ranging in composition
from rhyolite to andesite. Stream-sediment samples con-
tained anomalous concentrations of Ag, As, Bi, Cd, Cu, Pb,
Sb, Zn, and Sn. Rock samples contained anomalous concen-
trations of Ag, Bi, Mo, Zn, and Sn. No panned-concentrate
samples were collected in the area. Part of area B2c under-
lain by volcanic rocks is associated with a geochemically
anomalous terrane that extends west from, and is coincident
with, most of area B2d (described below). The southern part
of area B2c is underlain by Paleozoic sedimentary rock and
is characterized by an As-Cd-Cu-Pb-Sb-Zn geochemical
signature.

As in other parts of Coronado National Forest where
rhyolite is an important bedrock type, area B2c has potential
for various types of tin deposits. Also, because of the band of
Paleozoic rocks, many of which are carbonate sedimentary
rocks, the area has potential for polymetallic vein and
replacement, copper skarn, and lead-zinc skarn deposits; a
geochemical signature for these types of deposits has,
indeed, been noted in the southern part of area B2c, where
carbonate sedimentary rocks crop out. J.M. Hammarstrom
and others (unpub. data, 1988) included the Pedregosa
Mountains in a large area, along with the Chiricahua and
Swisshelm Mountains, where conditions are favorable for
the occurrence of polymetallic vein and replacement and
skarn deposits of various types. Area B2c is ranked 5 on the
geochemical-intensity scale because only restricted areas are
geochemically anomalous.

AREA B2d

The east half of the Pedregosa Mountains is underlain
by Paleozoic (mostly carbonate) sedimentary rocks, Creta-
ceous volcanic and intrusive rocks, Cretaceous sedimentary
rocks, Tertiary intrusive and volcanic rocks, and Tertiary to
Quaternary basalt. Stream-sediment samples contained
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anomalous concentrations of Au, Ag, Bi, Cd, Cu, Pb, Sb, Zn,
and Sn. Rock samples contained anomalous concentrations
of Ag, As, Mo, Pb, Sb, Zn, Ba, and Sn. Panned-concentrate
samples were not collected in the area. Most of area B2d is
coincident with an anomalous terrane characterized by a
Ag-As-Au-Bi-Cd-Cu-Sb geochemical signature. Area B2d
(and area B2c) is in the large tract that .M. Hammarstrom
and others (unpub. data, 1988) considered favorable for the
occurrence of polymetallic vein and replacement and copper
or lead-zinc skarn deposits; the geochemical signature is
compatible with those deposit types. The area is ranked 4 on
the geochemical scale because a small proportion of samples
contained anomalous concentrations of most elements.

DRAGOON MOUNTAINS (C1)

The Dragoon Mountains Forest unit (pl. 7) is at the
intersection of the Douglas, Nogales, Silver City, and Tuc-
son 1° x 2° quadrangles. Therefore, this area was partially
included in mineral resource assessments of cach of the
quadrangles (Richter and others, 1986; J.M. Hammarstrom
and others, unpub. data, 1988; Peterson, 1990;). The geol-
ogy of the entire area was published as part of a tectonic map
of southeastern Arizona (Drewes, 1980), and most of the
area was included in a mineral resource evaluation of the
Dragoon Mountains Roadless Area (Drewes, Watts, and oth-
ers, 1983; Drewes and Kreidler, 1984), which included
geochemical studies of panned-concentrate samples (Watts
and others, 1984) and mineralized rocks (Drewes, 1984).

The geology of the Dragoon Mountains area includes a
sequence of sedimentary rocks that range in age from Prot-
erozoic to Cretaceous (Drewes, 1980; Drewes and Meyer,
1983). Carbonate sedimentary rocks make up a large propor-
tion of the Paleozoic sequence there and a small part of the
Cretaceous sequence. The sedimentary rocks have been
complexly folded and faulted. The northwest-striking grain
of the sedimentary sequence is interrupted by the granitic
Stronghold stock, which was intruded in Tertiary time
(Drewes and Meyer, 1983). The Forest unit has been divided
into three parts on the basis of geology and geochemistry; the
northern and southern parts are underlain by a sequence of
sedimentary rocks, and the middle part is mostly underlain
by granite.

Mining districts in the Dragoon Mountains Forest unit
are the Middle Pass district (middle Tertiary lead-zinc vein
and replacement deposits) and the Golden Rule (Dragoon)
district (Late Cretaceous gold and silver) (Keith, Gest, and
DeWitt, 1983; Keith and others, 1983). The Middle Pass dis-
trict produced 97,000 tons of base- and precious-metal ore
before 1979, and the Golden Rule district produced 34,000
tons of ore before 1957 (Keith and others, 1983). Kreidler
(1984) described the mines and prospects of the Dragoon
Mountains Roadless Area and nearby areas.

Ore deposits in the Dragoon Mountains Forest unit are
in carbonate sedimentary rocks near contacts with the
Stronghold stock or rhyolite dikes (Kreidler, 1984). Depos-
its in the part of the Forest unit within the Silver City 1°x 2°
quadrangle are base- and precious-metal vein and replace-
ment deposits (Richter and others, 1986). Deposits in the
Forest unit within the Douglas 1° x 2° quadrangle are cop-
per skarns, zinc-lead skarns, and polymetallic replacement
and vein deposits (J.M. Hammarstrom and others, unpub.
data, 1988). Deposits in parts of the Forest within the Tuc-
son and Nogales 1° x 2° quadrangles are zinc-lead skarns
(Jones, 1990).

AREA Cla

The northern third of the Dragoon Mountains is prima-
rily underlain by Proterozoic to Cretaceous sedimentary
rocks and subordinate Proterozoic and Tertiary granitoid
intrusive rocks. Zinc-lead skarn and base- and precious-metal
vein and replacement deposits are known in this area (Richter
and others, 1986; J.M. Hammarstrom and others, unpub.
data, 1988; Jones, 1990).

Stream-sediment samples contained anomalous con-
centrations of Au, Ag, Bi, Cd, Cu, Mo, Pb, Sb, W, Zn, and
Sn. Panned-concentrate samples contained anomalous con-
centrations of Ag, Au, Bi, Cu, Mo, Pb, Sb, W, Zn, Ba, and
Sn. Rock samples contained anomalous concentrations of
Ag, As, Bi, Cd, Cu, Mo, Pb, Sb, Zn, Mn, and Sn. Two-thirds
of area Cla falls within an anomalous area (pl. 7)
characterized by a Ag-Au-Ba-Be-Bi-Cd-Cu-La-Mo-Nb-Pb-
Sn-Th-W-Y-Zn geochemical signature. This geochemical
signature is compatible with known deposits in area Cla,
although anomalous concentrations of molybdenum and tin
probably correlate with granitoid rocks rather than indicate
mineralized rock.

The part of the Dragoon Mountains Forest unit within
the Douglas 1° x 2° quadrangle is favorable for the occur-
rence of tungsten and gold skarns because upper Paleozoic
limestone was intruded by Tertiary granite and many of the
skarns there include bismuth-bearing phases in their miner-
alized parts (J.M. Hammarstrom and others, unpub. data,
1988). In addition, reported production from the Dragoon
mining district includes a high ratio of gold to silver (J.M.
Hammarstrom and others, unpub. data, 1988). Jones (1990)
included the parts of the Dragoon Mountains that are within
the Nogales and Tucson 1°x 2° quadrangles in tracts that are
favorable for the occurrence of porphyry copper deposits,
replacement deposits, silver-bearing base-metal, and tung-
sten skarn deposits. Drewes and Kreidler (1984) suggested
that area Cla may also be favorable for the occurrence of
stockwork molybdenum deposits. The area is ranked 7 on
the geochemical-intensity scale because anomalous concen-
trations of many elements are present in a moderate number
of samples.
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AREA C1b

The middle third of the Dragoon Mountains is underlain
mostly by the Tertiary Stronghold granitic stock. Proterozoic
to Cretaceous sedimentary rocks are also present, mostly in
the center of area C1b, but also on the margins of the pluton.
Here, as elsewhere in the Dragoon Mountains Forest unit,
ore deposits are concentrated in the sedimentary rocks and
not in the Stronghold pluton. Known mineral deposits are
copper skarns, lead-zinc skarns, and polymetallic vein and
replacement deposits (J.M. Hammarstrom and others,
unpub. data, 1988).

Stream-sediment samples contained anomalous con-
centrations of Au, Ag, Bi, Cd, Cu, Mo, Pb, Sb, W, Zn, Mn,
and Sn. Panned-concentrate samples contained anomalous
concentrations of Ag, As, Bi, Cd, Cu, Mo, Pb, W, Zn, Mn,
and Sn. Rock sampling was limited to mineralized rocks, for
the most part (Drewes, 1984); rock samples represent miner-
alized carbonate sedimentary rocks because known mineral
deposits are only in carbonate sedimentary rocks (Kreidler,
1984). Rock samples contained anomalous concentrations of
Ag. Bi, Cd, Cu, Mo, Pb. Sn, W, Zn, Mn, and Sn. Anomalous
abundances of Au, Ag, Cd, Pb, and Sb are limited to areas of
sedimentary rocks, of Bi, Cu, Mo, Nb, W, Zn, and Sn to arcas
of sedimentary and granitic rocks, and of As and Mn to areas
of granitic rocks. Other elements present in anomalous con-
centrations are almost exclusively from areas underlain by
granitic rocks and include lanthanum, niobium, scandium,
yttrium, and thorium. Beryllium abundances are anomalous
in samples from areas of both rock types. Anomalous con-
centrations of tin in stream-sediment samples are present in
an unusually large proportion of samples.

Elements present in anomalous abundances are clearly
separated into two groups: one group consists of elements
typically associated with known mineral deposits in carbon-
ate sedimentary rocks (Au, Ag, Cd, Pb, and Sb) and the other
consists of elements associated with granitic rocks (La, Sc,
Y, and Th). The La-Sc-Pb-Sb signature, together with some
elements that are not exclusively part of it (Be, Nb, and Sn)
appears to be the signature for a specialized granite, as sug-
gested by Watts and others (1984), although some special-
ized granite bodies are characteristically depleted in
lanthanum and scandium (Reed, 1986; Reed and Cox, 1986).
Area Clb is divided into two anomalous areas (pl. 7); the
northern one also includes much of area Cla (discussed
above) to the north and the southern one extends to the south
and includes all of area Clc (discussed below).

In addition to the known deposit types in area C1b, the
area is favorable for the occurrence of gold skarns and tung-
sten skarns, because of the intrusions of granitic rocks into
carbonate sedimentary rocks, for tin greisens (J.M. Hammar-
strom and others, unpub. data, 1988), tin skarns, and tin veins
because of the specialized nature of the Stronghold stock.
Area C1b is favorable for the occurrence of porphyry copper
deposits (Jones, 1990).

The number of elements present in anomalous concen-
trations and the proportion of anomalous samples from the
area are high relative to other Forest units and indicate a
ranking of 9 on the geochemical-intensity scale.

AREA Cic

Geology in the southern third of the Dragoon Moun-
tains Forest unit is similar to that in the northern third. The
area is underlain by Proterozoic to Cretaceous sedimentary
rocks, with some Proterozoic and Tertiary granitoid intrusive
rocks. Known deposits are copper and lead-zinc skarns (J.M.
Hammarstrom and others, unpub. data, 1988).

NURE samples were not collected in the area.
Stream-sediment samples contained anomalous concentra-
tions of Ag, Bi, Cd, Cu, Mo, Pb, Sb, W, Zn, and Sn.
Panned-concentrate samples contained anomalous concen-
trations of Ag, As, Bi, Cd, Cu, Mo, Pb, Sb, W, Zn, Ba, Mn,
and Sn. Rock samples contained anomalous concentrations of
Ag, As, Bi, Cd, Cu, Mo, Pb, Sb, W, Zn, Mn, and Sn. The
geochemical signature for area Clc and the southern part of
areaClbis Ag-Be-Bi-Cd-Cu-La-Mo-Nb-Pb-Sn-Th-W-Y-Zn
(pl. 7). A major difference between the northern and southern
parts of areaC1 is that the geochemical signature for the south-
ern part of the area does not. for an unknown reason, include
gold.

The geologic settings and geochemical signatures of the
southern and northern parts of the Dragoon Mountains For-
est unit are similar. Consequently, the southern part of this
Forest unit is considered favorable for the occurrence of the
same types of mineral deposits as the northern part. In addi-
tion to known copper and lead-zinc skarns, the area is favor-
able for the occurrence of porphyry copper, replacement,
silver-bearing base-metal, gold and tungsten skarn, and
stockwork molybdenum deposits (Drewes and Kreidler,
1984; JM. Hammarstrom and others, unpub. data, 1988;
Jones, 1990). This area is ranked 7 on the geochemi-
cal-intensity scale because a smaller proportion of samples
than in area Clb contained anomalous concentrations of
many elements.

WHETSTONE MOUNTAINS (D1)

The Whetstone Mountains Forest unit of Coronado
National Forest (pl. 8) was included in the geochemical sam-
pling program of the Whetstone Roadless Area mineral
resource evaluation (Werschsky and others, 1983; Wrucke
and others, 1983; Wrucke and McColly, 1984). Stream-sed-
iment, panned-concentrate, and rock samples were collected
for the resource evaluation. NURE samples were also
collected in parts of the Forest unit.

A homoclinal sequence of Cambrian through Creta-
ceous sedimentary rocks that overlie Proterozoic granitoid
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rocks and schist (Drewes, 1980; Wrucke and Armstrong,
1984) underlies the Whetstone Mountains Forest unit; Ter-
tiary granitoid rocks are also present. Ordovician, Silurian,
Triassic, and Jurassic rocks are not present in the
sedimentary sequence.

The Forest unit contains the Whetstone and Mine Can-
yon mining districts (Keith, Gest, and DeWitt, 1983; Keith
and others, 1983). Known deposits are Proterozoic tungsten
veins and Late Cretaceous porphyry copper, base-metal vein
and replacement, fluorite vein, and uranium vein deposits
(Wrucke and McColly, 1984; Jones, 1990).

AREA Dla

The northeastern third of the Whetstone Mountains is
underlain mostly by Proterozoic granitoid rocks. Mineral
deposits include tungsten veins (Jones, 1990), uranium
veins, and fluorite veins (Wrucke and McColly, 1984).
Stream-sediment samples contained anomalous concentra-
tions of Ag, Bi, Cd, Cu, Mo, Pb, Sb, W, Zn, and Sn.
Panned-concentrate and rock samples contained anomalous
concentrations of bismuth and tungsten. Except for bismuth,
anomalous concentrations were found in samples from the
southeastern part of area D1a. The anomalous area is near
Paleozoic carbonate sedimentary rock outcrops and is con-
fined to several drainage basins. The geochemical signature
of this areca is Ag-As-Au-B-Bi-Cd-Cu-Mo-Pb-Sb-W-Zn.
Mesozoic or Cenozoic igneous rocks are not present in the
area, but the geochemical signature suggests that they may
be in the subsurface and could have been the source of the
metals in the deposits mentioned above, which commonly
are present in carbonate sedimentary rocks adjacent to intru-
sions. Anomalies in the southeastern part of the area rank 6
on the geochemical-intensity scale; the remainder of area
Dlais only weakly anomalous.

AREA D1b

Area D1b, a northwest-striking band in the middle third
of the Whetstone Mountains, is underlain by Paleozoic sedi-
mentary rocks and small Cretaceous granitic intrusions. The
only known mineral deposit in arca D1b is the Gold Crystal
prospect, a low-grade gold prospect (Wrucke and McColly,
1984) in Cambrian limestone and sandstone (Wrucke and
others, 1983) at its eastern end.

Stream-sediment samples contained anomalous con-
centrations of gold, silver, cadmium, molybdenum, and anti-
mony. Panned-concentrate samples appeared to be more
anomalous overall than stream-sediment samples and con-
tained anomalous concentrations of Ag, Bi, Cd, Cu, Mo, Pb,
W, Zn, and Ba. Rock samples contained anomalous concen-
trations of molybdenum. Anomalous regions outlined in
areas Dla (described above) and Dlc (described below)

extend into area DI1b. Paleozoic carbonate sedimentary
rocks intruded by Cretaceous granitoid rocks and the
geochemical signature noted above suggest the presence of
polymetallic vein and replacement deposits, and skarns of
various types. A carbonate-hosted gold-silver deposit
(Carlin-type, Berger, 1986), is also suggested by persis-
tently anomalous, low-level gold abundances (the same is
not generally true of other elements) in stream-sediment
samples from the western part of the area and by the carbon-
ate sedimentary rocks in the area. The area is ranked 5 on
the geochemical-intensity scale.

AREA Dl1c

The southwestern third of the Whetstone Mountains
Forest unit is underlain by Cretaceous sedimentary and Ter-
tiary granitoid rocks. Known mineral deposits within area
D1lc include copper skarns (Jones, 1990), polymetallic veins,
and a porphyry copper deposit associated with polymetallic
base-metal veins (Wrucke and McColly, 1984).

Stream-sediment samples contained anomalous con-
centrations of Au, Ag, As, Bi, Cu, Mo, Sb, Zn, and Ba;
low-level anomalous abundances of gold are ubiquitous in
most of area Dlc. Panned-concentrate samples contained
anomalous concentrations of Ag, Bi, Cu, Mo, Pb, Sb, W, and
Ba. Rock samples contained anomalous concentrations of
Ag, Bi, Cu, Mo, Pb, Sb, W, Zn, Ba, and Sn. Most of area D1c
is part of a geochemical anomaly characterized by a
As-Au-B-Ba-Mo-Sb geochemical signature. The geochemi-
cal signature is compatible with known mineral deposits in
the area. The persistent low-level gold anomaly is a continu-
ation of the distribution pattern of gold in area D1b. Certain
bedrock units, such as the Apache Canyon Formation
(Wrucke and Armstrong, 1984), appear to be favorable for
the occurrence of carbonate-hosted gold-silver deposits
(Berger, 1986).

In addition to known deposits, area D1c¢ is favorable for
the occurrence of polymetallic replacement (Jones, 1990)
and carbonate-hosted gold-silver deposits. Except for gold,
relatively few samples contained anomalous elemental con-
centrations, so the area is ranked 6 on the geochemical-
intensity scale.

PATAGONIA AND HUACHUCA MOUNTAINS
AND CANELO HILLS (D2)

The geochemistry of the Patagonia Mountains was
studied extensively and summarized by Chaffee and others
(1981). Interpretations of the geochemistry of the Canelo
Hills and Huachuca Mountains have not been published.
Geology of the Patagonia-Huachuca-Canelo Forest unit is
described in the discussion of each area.
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Mining districts within the Patagonia-Huachuca-
Canelo Forest unit (pl. 8) include the Harshaw, Palmetto,
Patagonia, Querces, and Washington Camp districts (Late
Cretaceous to early Tertiary porphyry copper districts), the
Hartford district (early Tertiary lead-zinc-silver vein and
replacement deposits), the Parker Canyon and Red Rock
districts (Late Cretaceous lead-zinc-silver vein and replace-
ment deposits), the Bluebird district (middle Tertiary manga-
nese veins), and the Reef district (early Tertiary tungsten
skarns and veins or pegmatites) (Keith, Gest, and DeWitt,
1983; Keith and others, 1983).

AREA D2a

This area includes all of the Patagonia Mountains
except the northern part. Bedrock in the area consists of
Cambrian to Cretaceous sedimentary rocks, Proterozoic to
Tertiary granitoid rocks, and Jurassic to Tertiary volcanic
rocks (Drewes, 1980; Simons, 1974). The Red Mountain
porphyry copper deposit (Corn, 1975; Chaffee and others,
1981) is immediately north of areca D2a, but the extensive
hydrothermal system associated with the Red Mountain
deposit strongly affected area D2a. Mining districts within
area D2a are the Harshaw, Palmetto, Patagonia, Querces,
and Washington Camp, which are all Late Cretaceous to
early Tertiary porphyry copper deposits (Keith, Gest, and
DeWitt, 1983; Keith and others, 1983). Polymetallic vein
and replacement, porphyry copper-molybdenum, replace-
ment manganese, copper skarn, zinc-lead skarn, and tung-
sten skarn deposits are known to be present in area D2a
(Jones, 1990).

Area D2a is the most geochemically anomalous in
Coronado National Forest. Anomalous abundances of Au,
Ag, As, Bi, Cd, Cu, Mo, Pb, Sb, W, Zn, Ba, Mn, and Sn are
present in most stream-sediment, panned-concentrate, and
rock samples throughout the area. The anomalous nature of
the area is evident despite contamination of drainage samples
by extensive mining (Chaffee and others, 1981). Most of area
D2a is highly anomalous (pl. 8) and is characterized by a
Ag-As-Au-B-Ba-Bi-Cd-Co-Cr-Cu-Mo-Ni-Pb-Sb-V-W-Zn
geochemical signature.

The geochemical signature reflects known deposits of
area D2a and strongly suggests that additional undiscovered
deposits may be present (Chaffee and others, 1981). In addi-
tion to being favorable for the known deposit types, the area
is favorable for the occurrence of epithermal precious-metal
deposits (Jones, 1990). Area D2a is ranked 10 on the
geochemical-intensity scale.

AREA D2b

The northern Patagonia Mountains are underlain by
Cretaceous volcanic rocks (Drewes, 1980). Mining districts

wholly or partially within area D2b are the Harshaw district
(porphyry copper) and the Red Rock district (Late Creta-
ceous manganese veins) (Keith, Gest, and DeWitt, 1983;
Keith and others, 1983). The deeply buried (at least 3,500 ft)
Red Mountain porphyry copper deposit is present in this area
(Corn, 1975; Chaffee and others, 1981). Other known
mineral deposits in area D2b are polymetallic veins (Jones,
1990). The area is very nearly as anomalous as the rest of the
Patagonia Mountains (area D2a).

Stream-sediment samples contained anomalous con-
centrations of Au, Ag, As, Bi, Cu, Mo, Pb, Sb, Zn, Ba, Mn,
and Sn. Panned-concentrate samples contained anomalous
concentrations of the same elements, and cadmium and
tungsten arc also present in anomalous concentrations.
Rock samples contained anomalous concentrations of
molybdenum, lead, zinc, barium, and tin. Most of area D2b
is coincident with part of an anomalous region that extends
northeast from area D2a and has the Ag-As-Au-B-Ba-
Bi-Cd-Co-Cr-Cu-Mo-Ni-Pb-Sb-V-W-Zn geochemical sig-
nature, indicating that the types of deposits present in area
D2a may also be present in area D2b, although sedimentary
rocks are largely absent. Parts of the area are favorable for
the occurrence of porphyry copper, various types of skarn,
polymetallic replacement, epithermal precious-metal, and
polymetallic vein deposits (Jones, 1990). The area is ranked
9 on the geochemical-intensity scale.

AREA D2c

Areas of Coronado National Forest surrounding the San
Rafael Valley are underlain by unconsolidated to poorly con-
solidated Tertiary and Quaternary sedimentary deposits
(Drewes, 1980; Simons, 1974). Stream-sediment samples
contained anomalous concentrations of Ag, Cd, Cu, Pb, Sb,
Zn, Ba, Mn, and Sn. No panned-concentrate samples were
collected in the area. Rock samples contained anomalous
concentrations of barium and tin. Anomalous regions that
cover parts of areas D2a, D2b, and D2d extend into area D2c.

The western part of the area is favorable for the occur-
rence of porphyry copper deposits (Jones, 1990). Detritus in
the sedimentary deposits of area D2c¢ is probably a compos-
ite of the adjoining four areas within this Forest unit because
debris from all of them sheds into area D2c¢. The overall area
is ranked 3 on the geochemical-intensity scale, although spe-
cific parts of the area are more anomalous than others and
may deserve a higher rank.

AREA D2d

The Canelo Hills are underlain by Cambrian to Creta-
ceous sedimentary rocks, Triassic or Jurassic granitoid
rocks, and Triassic to Tertiary volcanic rocks (Drewes,
1980). Part of the area was designated a wilderness study
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arca (Peterson and others, 1984) but was not studied by the
USGS. The Bluebird (middle Tertiary manganese veins) and
Parker Canyon (Late Cretaceous(?) lead-zinc-silver vein and
replacement deposits) mining districts are on the western
edge of area D2d (Keith, Gest, and DeWitt, 1983; Keith and
others, 1983). Stream-sediment samples contained anoma-
lous concentrations of Ag, Pb, Sb, Zn, Mn, and Sn.
Panned-concentrate samples were not collected. Rock sam-
ples contained anomalous concentrations of tin. A large part
of area D2d includes a region delineated by anomalous con-
centrations of antimony (pl. 8), the most widespread compo-
nent of the geochemical signature in area D2d. The
geochemical data are compatible with vein and replacement
deposits associated with carbonate sedimentary rocks. The
area is favorable for the occurrence of various types of skarn
and polymetallic replacement deposits (Jones, 1990). The
ranking on the geochemical-intensity scale is 2 because only
a small proportion of the samples contained anomalous
metal concentrations.

AREA D2e

The Huachuca Mountains are underlain by Proterozoic,
Triassic, Jurassic, Cretaceous, and Tertiary granitoid rocks,
Cambrian to Tertiary sedimentary rocks, and Triassic to Ter-
tiary volcanic rocks (Hayes and Raup, 1968; Drewes, 1980).
Two tracts were designated as wilderness study areas (Peter-
son and others, 1984), but only one of them, the Miller Peak
Wilderness (U.S. Bureau of Land Management, 1986a), was
studied by the USGS, in a literature-based investigation
(Ludington, 1984a). Mining districts within area D2¢ are the
Hartford district (early Tertiary lead-zinc-silver vein and
replacement deposits) and the Reef district (early Tertiary
tungsten skarn and veins or pegmatites) (Keith, Gest, and
DeWitt, 1983; Keith and others, 1983). Polymetallic vein
and replacement, tungsten skarn and vein, and epithermal
precious-metal vein deposits are known to be present in area
D2e (Jones, 1990).

Stream-sediment samples contained anomalous con-
centrations of Au, Ag, Bi, Cd, Cu, Mo, Pb, Sb, W, Zn, Mn,
and Sn. Panned-concentrate samples contained anomalous
concentrations of Au, Ag, Cd, Cu, Mo, Pb, Sb, W, Zn, Ba,
and Sn. Rock samples contained anomalous concentrations
of silver, bismuth, copper. molybdenum, and tin. The
geochemical signature for most of the southern part of area
D2e is Ag-Au-Cd-Pb-Sb-W-Zn (pl. 8). A single sample
indicated that a drainage basin at the north end of area D2e
(pl. 8) has a silver-gold geochemical signature. The
geochemical signatures are compatible with known mineral
deposits of area D2e¢. In addition to these deposits, the area
is favorable for the occurrence of porphyry copper deposits
(Jones, 1990). Ludington (1984a) considered the area, in
particular the area around clustered tungsten-vein deposits
associated with the rhyolite intrusive center at Sutherland

Peak, to be favorable for the occurrence of disseminated
tungsten deposits. The proportion of samples having anom-
alous concentrations is much less than in the Patagonia
Mountains, and, therefore, the area is ranked 7 on the
geochemical-intensity scale.

SANTA RITA MOUNTAINS (E1)

The Santa Rita Mountains were one of the first areas in
Arizona to be systematically studied with exploration
geochemistry techniques (Drewes, 1973). Areas of interest
were studied in greater detail, although still on a reconnais-
sance basis (Drewes, 1967, 1970, 1973). Forest unit El is
underlain by Proterozoic, Mesozoic, and Tertiary granitoid
rocks, Cretaceous and Tertiary volcanic rocks, and Protero-
zoic, Paleozoic, and Mesozoic sedimentary rocks (Drewes,
1971a, b, 1980; Finnell, 1971).

Mining districts within the Santa Rita Mountains Forest
unit (pl. 8) are Late Cretaceous to early Tertiary porphyry
copper deposits (Cave Creek, Helvetia-Rosemont, and Jack-
son districts), Late Cretaceous lead-zinc-silver vein and
replacement deposits (Greaterville, Ivanho, Mansfield, Old
Baldy, Salero, Tyndall, and Wrightson districts), and Late
Cretaceous uranium vein or fissure deposits (Duranium dis-
trict) (Keith, Gest, and DeWitt, 1983; Keith and others,
1983). Copper skarn, porphyry copper. polymetallic vemn
and replacement, epithermal manganese, and gold placer
deposits are present in this area (Ludington, 1984b; Jones,
1990).

AREA Ela

The north end of the Santa Rita Mountains is underlain
by Paleozoic and Mesozoic sedimentary rocks, Cretaceous
and Tertiary volcanic rocks, and Proterozoic, Cretaceous,
and Tertiary granitoid rocks. The Helvetia-Rosemont district
(Late Cretaceous and early Tertiary porphyry copper depos-
its) is partly in area Ela (Keith, Gest, and DeWitt, 1983;
Keith and others, 1983). Also, copper skarn and polymetallic
replacement deposits are present (Jones, 1990).

Stream-sediment samples contained anomalous con-
centrations of Au, Ag, As, Bi, Cd, Cu, Mo, Pb, Sb, W, Zn,
Sn, and Mn. Panned-concentrate samples were not collected.
Rock samples contained anomalous concentrations of Ag,
As, Au, Bi, Cd, Cu, Mo, Pb, Sb, W, Zn, Ba, Mn, and Sn.
About half of area Ela is part of an anomalous region that
also covers the northern part of areas Elb and Elc (pl. 8).
The geochemical signature of this anomalous area is
Ag-As-Au-Bi-Cd-Cu-Mo-Pb-Sb-Sn-Zn. The geochemical
signature is compatible with known deposits in area Ela. In
addition to deposit types known to occur in the area, the area
is favorable for the occurrence of other types of skarn
(including gold) and replacement deposits (Jones, 1990).



68 MINERAL RESOURCE POTENTIAL AND GEOLOGY, CORONADO NATIONAL FOREST, ARIZ. AND N. MEX.

The proportion of anomalous samples justifies ranking this
arca at 7 on the geochemical-intensity scale.

AREA Elb

The western three-fourths of the Santa Rita Mountains
Forest unit forms the bulk of the mountain range and is
underlain by Proterozoic, Triassic, Jurassic, Cretaceous, and
Tertiary granitoid rocks, Cretaceous and Tertiary volcanic
rocks, Proterozoic metamorphic rocks, and Paleozoic and
Mesozoic sedimentary rocks. The Mt. Wrightson Wilderness
(U.S. Bureau of Land Management, 1986a) was studied by
the USGS (Ludington. 1984b); the study depended heavily
on existing reports of the USGS, including geochemical
studies by Drewes (1973). All mining districts in the Santa
Rita Mountains Forest unit are wholly or partly in areca E1b.
Copper skarn, polymetallic vein and replacement, porphyry
copper, epithermal manganese, and gold placer deposits are
known to occur in this area.

Stream-sediment samples contained anomalous con-
centrations of Au, Ag, As, Bi, Cd, Cu, Mo, Pb, Sb, W, Zn,
Ba, Mn, and Sn. Only a few panned-concentrate samples
were collected in area Elb; their geochemistry is like that of
the stream-sediment samples. Rock samples contained
anomalous concentrations of Ag, As, Au, Bi, Cd, Cu, Mo,
Pb, Sb, W, Zn, Ba, Mn, and Sn.

Ludington (1984b) recorded classic zonation, as indi-
cated by the pattern of copper, lead, and zinc abundances in
stream-sediment samples from the Mount Wrightson Wil-
derness, for a porphyry copper type deposit; a central area of
anomalous copper concentrations is surrounded by a zone of
anomalous lead and zinc concentrations. Most of the south-
ern part of area Elb is part of an anomalous region that is
characterized by the Ag-As-Au-B-Bi-Cd-Cu-Pb-Sb-Zn
geochemical signature (pl. 8). As discussed above, the north-
ern part of area Elb is part of an anomalous region charac-
terized by the Ag-As-Au-Bi-Cd-Cu-Mo-Pb-Sb-Sn-Zn
geochemical signature. These geochemical signatures are
compatible with known deposits in the area. In addition to
known deposits, area E1b may be favorable for the occur-
rence of gold skarn deposits (Jones, 1990). The geochemis-
try and the geologic setting for the southern Santa Rita
Mountains are similar to those in the Patagonia Mountains
(Jones, 1990). The area is ranked 8 on the geochemical-
intensity scale.

AREA Elc

The eastern one-fourth of the Santa Rita Mountains
Forest unit 1s covered by weakly indurated Tertiary and Qua-
ternary gravel deposits. Thus, the geochemistry of samples
collected in this area may reflect the mountains to the west,
unless bedrock is near enough to the surface to be detected
by geochemical methods. Only a few panned-concentrate

samples were collected in area Elc. No rock samples were
collected. Stream-sediment data are based on NURE data or
on the re-analysis of NURE samples, except along the border
with area E1b.

Stream-sediment  samples  contained anomalous
concentrations of Au, Ag, As, Cd, Cu, Mo, Pb, Sb, W, and
Zn. Panned-concentrate samples contained anomalous
concentrations of silver, cadmium, and barium. Anomalous
regions in areas Ela and Elb extend into the northern and
southern parts of area Elc, respectively (pl. 8). The
geochemical signatures are similar to those in the rest of the
Santa Rita Mountains, and they may reflect similar mineral
deposits beneath the gravel cover. The proportion of sam-
ples having anomalous concentrations of several elements
gives the area a ranking of 6 on the geochemical-intensity
scale.

ATASCOSA, PAJARITO, SAN LUIS, AND
TUMACACORI MOUNTAINS AND
COBRE AND COCHES RIDGES (E2)

The Atascosa—Cobre~Coches—Pajarito-San Luis—
Tumacacori Forest unit (pl. 8) is underlain mostly by Juras-
sic, Cretaceous, and Tertiary granitoid, volcanic, and sedi-
mentary rocks (Drewes, 1980; Peterson and others, 1990).
Mining districts are limited to the Coches Ridge—Cobre
Ridge—Pajarito Mountains arca (area E2b). Several tracts of
land were designated as wilderness study areas (Peterson
and others, 1984) but were not studied by the USGS; a part
of those tracts is now the Pajarito Wilderness (U.S. Bureau
of Land Management, 1986a).

AREA E2a

The part of the San Luis Mountains in Coronado
National Forest is underlain by Cretaceous to Tertiary gran-
itoid rocks (including peraluminous granite) and Jurassic
volcanic rocks (Peterson and others, 1990). Arca E2a con-
tains no mining districts (Keith, Gest, and DeWitt, 1983;
Keith and others, 1983). Small wolframite-scheelite placers
and at least one tungsten vein deposit are present in the San
Luis Mountains (Jones, 1990). The tungsten vein deposit is
near the intrusive contact of a peraluminous granite.

Stream-sediment samples contained anomalous con-
centrations of gold, molybdenum, tungsten, zinc, and bar-
ium. Panned-concentrate samples contained anomalous
concentrations of copper and tungsten. Rock samples con-
tained anomalous concentrations of silver and molybdenum.
The geochemical data are compatible with tungsten deposits
(tungsten is the most anomalous element from area E2a);
also, molybdenum and zinc are part of the signature for tung-
sten veins (Cox and Bagby, 1986). The area is ranked 3 on
the geochemical-intensity scale.
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AREA E2b

Cobre Ridge, Coches Ridge, and the Pajarito Moun-
tains are underlain by Jurassic, Cretaceous, and Tertiary
granitoid rocks, Jurassic and Tertiary volcanic rocks, and
Jurassic and Cretaceous sedimentary rocks (Peterson and
others, 1990). The Pajarito Wilderness is in area E2b (U.S.
Bureau of Land Management, 1986a). Mining districts in the
arca are the Easter (Late Cretaceous tungsten skarns and
veins or pegmatites), Oro Blanco and Pajarito (Late Creta-
ceous lead-zinc-silver vein and replacement deposits), Cerro
de Fresnal and Austerlitz (middle Tertiary gold deposits),
and Arivaca (late Tertiary lead-zinc-silver vein and replace-
ment deposits) (Keith, Gest, and DeWitt, 1983; Keith and
others, 1983). These districts contain tungsten vein, polyme-
tallic vein, and epithermal precious-metal vein deposits
(Jones, 1990).

Stream-sediment samples contained anomalous con-
centrations of Au. Ag, As, Bi, Cd, Cu, Mo, Pb, Sb, W, Zn,
Ba, Mn, and Sn. Panned-concentrate samples contained
anomalous concentrations of Au, Ag, Bi, Cd, Cu, Mo, Pb,
Sb, Zn, Ba, Mn, and Sn. Rock samples contained anomalous
concentrations of Ag, As, Bi, Cd, Cu, Mo, Sb, Zn, Ba, Mn,
and Sn. About two-thirds of area E2b falls within an anoma-
lous region (pl. 8) characterized by the Ag-Au-B-Cd-Cu-
Mo-Pb-Sb-Zn geochemical signature. The geochemical sig-
nature for the eastern part of area E2b is As-B-Pb-Sb-Zn (pl.
8). These geochemical signatures are compatible with
known deposits in area E2b. The area is also favorable for
occurrence of porphyry copper deposits (Jones, 1990). Area
E2b is ranked 7 on the geochemical-intensity scale.

AREA E2c

The Atascosa and Tumacacori Mountains making up
area E2c are underlain by Jurassic granitoid and Tertiary vol-
canic rocks (Drewes, 1980); there are no mining districts in
area E2c (Keith, Gest, and DeWitt, 1983; Keith and others,
1983). Stream-sediment samples contained anomalous con-
centrations of Au, Ag, Bi, Cd, Cu, Mo, Pb, Sb, Zn, Ba, Mn,
and Sn. Panned-concentrate samples contained anomalous
concentrations of Ag, As, Cd, Cu, Mo, Pb, Sb, Zn, Ba, and
Sn. Rock sampiles contained anomalous concentrations of
tin. The geochemical anomaly that includes much of area
E2b, characterized by the Ag-Au-B-Cd-Cu-Mo-Pb-Sb-Zn
signature (pl. 8), includes the southwestern part of area E2¢
as well. The northern part of area E2c¢ is in a geochemically
anomalous region characterized by the As-B-Sb geochemi-
cal signature. In view of the geology, the geochemical signa-
ture suggests that polymetallic vein, porphyry copper, and
epithermal precious-metal deposits may be present. The
Atascosa Mountains are favorable for the occurrence of epi-
thermal precious-metal deposits (Jones, 1990). The propor-
tion of samples having anomalous concentrations suggests

that additional mineral deposits may be present. The area is
ranked 8 on the geochemical-intensity scale.

AREA E2d

Area E2d is west of the city of Nogales and comprises
the eastern part of the Atascosa-Cobre-Coches—Pajarito-San
Luis—Tumacacori Forest unit. Weakly indurated Tertiary and
Quaternary gravels underlie the entire area (Drewes, 1980);
no mining districts are present (Keith, Gest, and DeWitt,
1983; Keith and others, 1983). Stream-sedimentsamples con-
tained anomalous concentrations of Au, Ag, As, Cd, Mo, Pb,
Sb, Zn, Ba, and Mn. Panned-concentrate samples contained
anomalous concentrations of Ag, As, Bi, Cu, Mo, Pb, Sb, Zn,
Ba, Mn, and Sn. No rock samples were collected. Area E2d
is part of an anomalous region characterized by the
As-B-Pb-Sb-Zn geochemical signature (pl. 8).

As in other Forest units where bedrock is covered by
weakly indurated gravels, the geochemistry may reflect
gravel source areas rather than underlying bedrock. Assum-
ing that the bedrock units of nearby source areas extend
underneath the gravels, possible deposit types could be poly-
metallic vein and epithermal precious-metal deposits. Jones
(1990) included parts of area E2d in tracts favorable for the
occurrerice of porphyry copper and epithermal precious-
metal deposits. The area is ranked 5 on the geochemical-
intensity scale, but parts near the range front to the west may
be more highly anomalous.

SANTA CATALINA AND RINCON
MOUNTAINS (F1)

Geochemical studies were conducted in the Santa Cat-
alina-Rincon Forest unit (pl. 6) as part of mineral] resource
evaluations of two wilderness study areas. Stream-sediment
and rock samples were collected and analyzed as part of the
evaluation of the Rincon Wilderness Study Area, which
adjoins Saguaro National Monument on its north, east, and
south sides (Thorman and others, 1981). Stream-sediment
and panned-concentrate samples were collected as part of the
mineral resource evaluation of the Pusch Ridge Wilderness
Area (Hinkle and others, 1981b,c; Hinkle and Ryan, 1982),
which includes a large tract of the Santa Catalina Mountains.

Bedrock geology was compiled by Peterson and others
(1990) from maps by Banks (1976), Creasey (1967), Creasey
and Theodore (1975), Drewes (1974, 1977), and Reynolds
(1988). Sedimentary and metasedimentary rocks in the For-
est unit range in age from Proterozoic to Tertiary. Granitoid
intrusive rocks are Proterozoic, Cretaceous, and Tertiary in
age. Crustal extension during the Tertiary formed detach-
ment faults in the Santa Catalina and Rincon Mountains and
produced mylonitic rocks.
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Mining districts in the Santa Catalina-Rincon Forest
unit are Late Cretaceous to early Tertiary porphyry copper
(Burney, Catalina, Little Hills, Marble Peak, and Reding-
ton), early Tertiary tungsten skarns and veins or pegmatites
(Oracle), early Tertiary(?) uranium in veins or fissures (Blue
Rock), middle Tertiary gold (Canada del Oro), and middle
Tertiary copper veins (Rincon) (Keith, Gest, and DeWitt,
1983; Keith and others, 1983). Jones (1990) suggested that
copper skarn and polymetallic vein and replacement deposits
also are present in this Forest unit.

The Santa Catalina-Rincon Forest unit was subdivided
into four areas on the basis of predominant rock types. Area
Flais north of an east-west line through Mount Lemmon and
is underlain mainly by Proterozoic granite and by Cretaceous
and Tertiary granitoid rocks; Paleozoic sedimentary rocks
underlie much less area than the granitic rocks but are impor-
tant hosts for mineral deposits. Area F1b is most of the area
south of Mount Lemmon and is underlain by Cretaceous to
Tertiary mylonitized peraluminous granite. Area Flc is a
narrow strip along the east side of the Forest unit that is
mostly underlain by Paleozoic and Mesozoic sedimentary
rocks; carbonate sedimentary rocks are common. Area F1d
is a small strip along the southern edge of the Forest unit
where Paleozoic sedimentary rocks crop out.

AREA Fla

This area comprises the Santa Catalina Mountains north
of Mount Lemmon. Proterozoic granitoid and sedimentary
rocks, Paleozoic and Mesozoic sedimentary rocks, and Cre-
taceous to Tertiary granitoid rocks underlie the area. The
granitoid rocks predominate areally, but most mineral pro-
duction has been from deposits associated with Paleozoic
sedimentary rocks. Mining districts in area Fla are the Bur-
ney, Little Hills, and Marble Peak districts (porphyry cop-
per), Oracle (tungsten skarns and veins or pegmatites), and
Caifiada del Oro (gold) (Keith, Gest, and DeWitt, 1983; Keith
and others, 1983).

Stream-sediment samples contained anomalous con-
centrations of Au, Ag, As, Bi, Cd, Cu, Mo, Pb, Sb, W, Zn,
Mn, and Sn. Only a few panned-concentrate and rock sam-
ples were collected in this area and they contained no anom-
alous elemental concentrations. Samples that contained
anomalous concentrations of the preceding elements are
generally from the eastern part of area Fla and are associated
with sedimentary rocks and known mineral deposits. The
eastern part of area Fla (pl. 6) contains two anomalous
regions. The geochemical signature for the northern one con-
sists solely of zinc. The geochemical signature for the south-
ern one is Ag-Au-Cu-Mo-Sb-Zn. As previously indicated,
the abundances of many elements are anomalous in selected
samples. However, geochemical signatures and abundances
are compatible with known mineral deposits. Parts of area
Fla are favorable for the occurrence of porphyry copper,
skarn, and replacement deposits (Jones, 1990). The area is

ranked 6 on the geochemical-intensity scale as indicated by
the high proportion of anomalous samples and the number of
elements present in anomalous concentrations.

Some additional elements present in anomalous con-
centrations are lanthanum, niobium, scandium, yttrium, and
thorium; samples having anomalous concentrations of these
elements are present in areas underlain by granitoid rocks.
The highly anomalous abundances of these elements in
samples from area F1b may be a lithologic signature.

AREA F1b

Area F1b includes most of the Santa Catalina and Rin-
con Mountains south of Mount Lemmon. Proterozoic
metasedimentary rocks, Proterozoic granite, Paleozoic and
Mesozoic sedimentary rocks, and Cretaceous to Tertiary
granitoid rocks underlie the area; Cretaceous to Tertiary per-
aluminous granite is the predominant rock type. Much of the
granite is mylonitic gneiss that was deformed during late
Mesozoic to middle Tertiary contractional and extensional
faulting, respectively; this mountain range is one of the
many metamorphic core complexes in the region (Reynolds,
1988). The Catalina mining district (Late Cretaceous to
early Tertiary porphyry copper) is within the southwestern
part of the area (Keith, Gest, and DeWitt, 1983; Keith and
others, 1983).

The distribution of panned-concentrate samples is lim-
ited to the Pusch Ridge Wilderness. Stream-sediment sam-
ples contained anomalous concentrations of Au, Ag, As, Bi,
Cd, Cu, Mo, Pb, Sb, W, Zn, Ba, Mn, and Sn. Panned-
concentrate samples contained anomalous concentrations of
Ag, Cu, Mo, Pb, W, Zn, Mn, and Sn. Rock samples con-
tained anomalous concentrations of Ag, As, Bi, Cd, Cu, Mo,
W, Zn, Mn, and Sn. The southernmost anomalous region of
area Fla is characterized by the Ag-Au-Cu-Mo-Sb-Zn
geochemical signature and extends into area Flb (pl. 6).
Other small parts of area F1b are geochemically anomalous,
but the number of elements whose abundances are geochem-
ically -anomalous is three or fewer (Sb; Cu-Mo-Zn; Cu-Zn;
Au). Some of the samples that contained anomalous concen-
trations of the preceding elements are from areas underlain
by sedimentary rocks, such as the east side of the area. Many
of the anomalous concentrations are compatible with known
mineral deposits associated with sedimentary rocks through-
out the Santa Catalina and Rincon Mountains, but the
significance of some of the anomalies is not known.

Some of the anomalous elements (Ba, Mn, Mo, Sn) may
be part of a lithologic signature that also includes anomalous
concentrations of Be, La, Nb, Y. and Th. Because barium
abundances are anomalously high in stream-sediment sam-
ples but not in panned-concentrate samples, barium must be
present in a mineral such as feldspar or mica, rather than as
barite. This signature suggests that beryllium-niobium-
thorium-REE pegmatites could be present. The northern
fringe of area Flb is favorable for the occurrence of
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porphyry copper, skarn, and polymetallic replacement
deposits, and the southeastern part is favorable for the occur-
rence of flat-fault gold deposits (Jones, 1990). The number
of geochemically anomalous samples in this area supports a
rank of 6 on the geochemical-intensity scale.

AREA Flc

This area is a narrow strip along the east side of the
Santa Catalina and Rincon Mountains that is mostly under-
lain by Paleozoic and Mesozoic sedimentary rocks. Protero-
zoic granitoid and metamorphic rocks are also present. Area
Flc borders, and is partly underlain by, the large masses of
Cretaceous and Tertiary granitoids and peraluminous granite
that underlie arcas Fla and F1b. The Redington (Late Creta-
ceous to early Tertiary porphyry copper) and Blue Rock
(early Tertiary(?) uranium veins and fissures) mining dis-
tricts are within or on the border of the area (Keith, Gest, and
DeWitt, 1983; Keith and others, 1983). A known deposit
near the center of area F1b is a copper skarn (Jones, 1990).

No panned-concentrate samples were collected.
Stream-sediment samples contained anomalous concentra-
tions of Au, Ag, As, Cd, Cu, Mo, Pb, Sb, Zn, Ba, and Mn.
Rock samples contained anomalous concentrations of Ag,
As, Be, Cu, Mo, Pb, Sb, W, Zn, Mn, and Sn. A small anom-
alous region near the center of area Flc is limited to a single
drainage basin (pl. 6); the geochemical signature is
Ag-As-Au-Cu-Mo-Sb-Zn. Two small regions characterized
by Cu-Mo-Zn and Cu-Zn geochemical signatures, respec-
tively, extend into area Flc from area F1b. These geochem-
ical signatures are compatible with known copper skarn and
with other skarns and polymetallic vein and replacement
deposits that may occur in an area where abundant carbonate
sedimentary rocks are present. The north end of area Flc is
favorable for the occurrence of porphyry copper, skarn, and
replacement deposits, and the south end is favorable for the
occurrence of flat-fault gold (Jones, 1990). Because the pro-
portion of anomalous samples is relatively low, the area is
ranked 5 on the geochemical-intensity scale.

AREA F1d

A small area within Coronado National Forest and adja-
cent to the south side of the Forest on the southern slopes of
the Rincon Mountains is underlain by Paleozoic and Tertiary
sedimentary rocks, Proterozoic granite, and Cretaceous and
Tertiary peraluminous granite. Thorman and others (1981, p.
17-19) described prospect pits in mineralized rock charac-
terized by copper and iron minerals; mineralized areas are
associated with faults.

No panned-concentrate samples were collected.
Stream-sediment samples contained anomalous concentra-
tions of Au, Ag, Mo. Pb, Sb, and Ba. Rock samples con-
tained anomalous concentrations of Bi, Cu, Mo, Pb, Sb, W,
and Zn. The geochemical data are compatible with the

existence of skarn, vein, and replacement deposits in carbon-
ate sedimentary rocks. The area is ranked 2 on the geochem-
ical-intensity scale. However, area F1d is part of a larger
anomalous region (pl. 6) in which the geochemical signature
is gold only. The area is favorable for the occurrence of
flat-fault gold (Jones, 1990); anomalous gold concentrations
may support this inference.

REFERENCES CITED

Banks, N.G., 1976, Reconnaissance geologic map of the Mount
Lemmon quadrangle, Arizona: U.S. Geological Survey Mis-
cellaneous Field Studies Map MF-747, scale 1:62,500.

Berger, B.R., 1986, Descriptive mode! of carbonate-hosted Au-Ag,
in Cox, D.P., and Singer, D.A., eds., Mineral deposit models:
U.S. Geological Survey Bulletin 1693, p. 175.

Bergquist, J.R., 1979, Reconnaissance geologic map of the Blue
Jay Peak quadrangle, Graham County, Arizona: U.S. Geologi-
cal Survey Miscellaneous Field Studies Map MF-1083, scale
1:24,000.

Blacet, P.M., and Miller, S.T., 1978, Reconnaissance geologic map
of the Jackson Mountain quadrangle, Graham County, Arizo-
na: U.S. Geological Survey Miscellaneous Field Studies Map
MF-939, scale 1:62,500.

Brobst, D.A., and Goudarzi, G.H., 1984, Introduction, in Marsh,
S.P., Kropschot, S.J., and Dickinson, R.G., eds., Wilderness
mineral potential; assessment of mineral-resource potential in
U.S. Forest Service lands studied 1964-1984: U.S. Geological
Survey Professional Paper 1300, p. 1-10.

Chaffee, M.A., 1985, Geochemical evaluation of the Winchester
Roadless Area, Cochise County, Arizona: U.S. Geological
Survey Open-File Report 85-113, 8 p.

1990, Geochemistry, in Peterson, J.A., ed., Preliminary
mineral resource assessment of the Tucson and Nogales 1°° x
2° quadrangles, Arizona: U.S. Geological Survey Open-File
Report 90-276, p. 19-40.

Chaffee, M.A., Hill, R.H., Sutley, S.J., and Watterson, J.R., 1981,
Regional geochemical studies in the Patagonia Mountains,
Santa Cruz County, Arizona: Journal of Geochemical Explora-
tion, v. 14, p. 135-153.

Cook, J.R., and Fay, W.M,, 1982, Data report, Western United
States, hydrogeochemical and stream sediment reconnais-
sance: U.S. Department of Energy, Savannah River Laborato-
ry, National Uranium Resource Evaluation Program, 33 p.

Cooper, J.R., 1959, Reconnaissance geologic map of southeastern
Cochise County, Arizona: U.S. Geological Survey Mineral
Investigations Field Studies Map MF-213, scale 1:125,000.

Comn, R.M., 1975, Alteration-mineralization zoning, Red Moun-
tain, Arizona: Economic Geology, v. 70, no. 8, p. 1437-1447.

Cox, D.P., 1986, Descriptive model of porphyry Cu-Mo, in Cox,
D.P., and Singer, D.A., eds., Mineral deposit models: U.S.
Geological Survey Bulletin 1693, p. 115.

Cox, D.P., and Bagby, W.C., 1986, Descriptive model of W veins,
in Cox, D.P., and Singer, D.A., eds., Mineral deposit models:
U.S. Geological Survey Bulletin 1693, p. 64.

Creasey. S.C., 1967, General geology of the Mammoth quadrangle,
Pinal County, Arizona: U.S. Geological Survey Bulletin 1218,
94 p., map scale 1:48,000.




72 MINERAL RESOURCE POTENTIAL AND GEOLOGY, CORONADO NATIONAL FOREST, ARIZ. AND N. MEX.

Creasey, S.C., Jackson, E.D., and Gulbrandsen, R.A., 1961, Recon-
naissance geologic map of parts of the San Pedro and Aravaipa
Valleys, south-central Arizona: U.S. Geological Survey Min-
eral Investigations Field Studies Map MF-238, scale
1:125,000.

Creasey, S.C., and Jinks, J.E., 1984, Galiuro Wilderness and con-
tiguous roadless areas, Arizona, in Marsh, S.P., Kropschot,
S.J., and Dickinson, R.G., eds., Wilderness mineral potential;
assessment of mineral-resource potential in U.S. Forest Ser-
vice lands studied 1964-1984: U.S. Geological Survey Profes-
sional Paper 1300, p. 65-68.

Creasey, S.C., Jinks, J.E., Williams, F.E.. and Meeves, H.C., 1981,
Mineral Resources of the Galiuro Wilderness and contiguous
further planning areas, Arizona; with a section on Aeromagnet-
ic survey and interpretation, by W.E. Davis: U.S. Geological
Survey Bulletin 1490, 94 p., 2 pls., map scale 1:62,500.

Creasey, S.C., and Theodore, T.G., 1975, Preliminary reconnais-
sance geologic map of the Bellota Ranch quadrangle, Pima
County, Arizona: U.S. Geological Survey Open-File Report
75-295, scale 1:31,680.

Curtin, G.C., 1985, The Conterminous United States Mineral
Assessment Program, in Krafft, Kathleen, ed., USGS Research
on Mineral Resources—1985, Program and Abstracts: U.S.
Geological Survey Circular 949, p. 61-63.

Drewes, Harald, 1967, A geochemical anomaly of base metals and
silver in the southern Santa Rita Mountains, Santa Cruz Coun-
ty, Arizona: U.S. Geological Survey Professional Paper
575-D, p. D176-D182.

1970, Structure control of geochemical anomalies in the

Greaterville mining district, southeast of Tucson, Arizona:

U.S. Geological Survey Bulletin 1312-A, 49 p., 1 plate.

1971a, Geologic map of the Mount Wrightson quadrangle,

southeast of Tucson, Santa Cruz and Pima Counties, Arizona:

U.S. Geological Survey Miscellaneous Geologic Investiga-

tions Map [-614, scale 1:48,000.

1971b, Geologic map of the Sahuarita quadrangle, south-

east of Tucson, Pima County, Arizona: U.S. Geological Survey

Miscellaneous Geologic Investigations Map [-613, scale

1:48.,000.

1973, Geochemical reconnaissance of the Santa Rita Moun-

tains, southeast of Tucson, Arizona: U.S. Geological Survey

Bulletin 1365, 67 p., 2 pls.

1974, Geologic map and sections of the Happy Valley quad-

rangle, Cochise County, Arizona: U.S. Geological Survey Mis-

cellaneous Investigations Series Map [-832, scale 1:48,000.

1977, Geologic map and sections of the Rincon Valley

quadrangle, Pima County, Arizona: U.S. Geological Survey

Miscellaneous Investigations Series Map 1-997, scale

1:48,000.

1980, Tectonic map of southeast Arizona: U.S. Geological

Survey Miscellaneous Investigations Series Map [-1109, scale

1:125,000.

1981, Geologic map and sections of the Bowie Mountain

South quadrangle, Cochise County, Arizona: U.S. Geological

Survey Miscellaneous Investigations Series Map [-1363, scale

1:24,000.

1982, Geologic map and sections of the Cochise Head quad-

rangle and adjacent areas, southeastern Arizona: U.S. Geolog-

ical Survey Miscellaneous Investigations Series Map 1-1312,

scale 1:24,000.

1984, Reconnaissance geochemical maps of mineralized
rocks in the Dragoon Mountains Roadless Area, Cochise Coun-
ty. Arizona: Miscellaneous Field Studies Map MF-1521-D,
scale 1:50,000.

Drewes, Harald, and Bigsby, P.R., 1984, North End Roadless Area,
Arizona, in Marsh, S.P., Kropschot, S.J., and Dickinson, R.G.,
eds., Wilderness mineral potential; assessment of miner-
al-resource potential in U.S. Forest Service lands studied
1964-1984: U.S. Geological Survey Professional Paper 1300,
p. 90-93.

Drewes, Harald, and Brooks, W E., 1988, Geologic map and cross
sections of the Pedregosa Mountains, Cochise County, Arizo-
na: U.S. Geological Survey Miscellaneous Investigations
Series Map 1-1827, scale 1:48,000.

Drewes, Harald, Houser, B.B., Hedlund, D.C., Richter, D.H., Thor-
man, C.H., and Finnell, T.L., 1985, Geologic map of the Silver
City 1° x 2° quadrangle, New Mexico and Arizona: U.S. Geo-
logical Survey Miscellaneous Investigations Series Map
[-1310-C, scale 1:250,000.

Drewes, Harald, and Kreidler, T.J., 1984, Dragoon Mountains Roa-
dless Area, Arizona, in Marsh, S.P., Kropschot, S.J., and Dick-
inson, R.G., eds., Wilderness mineral potential; assessment of
mineral-resource potential in U.S. Forest Service lands studied
1964-1984: U.S. Geological Survey Professional Paper 1300,
p. 58-61.

Drewes, Harald, and Meyer, G.A., 1983, Geologic map of the Dra-
goon Mountains Roadless Area, Cochise County, Arizona:
Miscellaneous Field Studies Map MF-1521-A, scale
1:50,000.

Drewes, Harald, Moss, C.K., Watts, K.C., Jr., Forn, C.L., and Bigs-
by, P.R., 1983, Mineral resource potential map of the North
End Roadless Area, Chiricahua Mountains, Cochise County,
Arizona: Miscellaneous Field Studies Map MF-1412-D, scale
1:50,000.

Drewes, Harald, Watts, K.C., Jr., Klein, D.P., and Kreidler, T.J.,
1983, Mineral resource potential map of the Dragoon Moun-
tains Roadless Area, Cochise County, Arizona: U.S. Geologi-
cal Survey Miscellaneous Field Studies Map MF-1521-B,
scale 1:50,000.

Drewes, Harald, and Williams, F.E, 1973, Mineral resources of the
Chiricahua Wilderness Area, Cochise County, Arizona: U.S.
Geological Survey Bulletin 1385-A, 53 p., 1 pl., scale
1:62,500.

1984, Chiricahua Wilderness, Arizona, in Marsh, S.P.,
Kropschot, S.J., and Dickinson, R.G., eds., Wilderness mineral
potential; assessment of mineral-resource potential in U.S.
Forest Service lands studied 1964-1984: U.S. Geological Sur-
vey Professional Paper 1300, p. 55-58.

du Bray, E.A., and Pallister, J.S., 1991, An ash-flow caldera in
cross section—Ongoing field and geochemical studies of the
mid-Tertiary Turkey Creek caldera, Chiricahua Mountains, SE
Arizona: Journal of Geophysical Research, v. 96, p.
13435-13457.

Elston, W.E., 1978, Mid-Tertiary cauldrons and their relationship to
mineral resources, southwestern New Mexico; A brief review,
in Field guide to selected cauldrons and mining districts of the
Datil-Mogollon volcanic field, New Mexico: New Mexico
Geological Society Special Publication No. 7, p. 107-113.

Elston, W.E., Erb, E.E., and Deal, E.G., 1979, Tertiary geology of
Hidalgo County, New Mexico; guide to metals, industrial




GEOCHEMISTRY OF CORONADO NATIONAL FOREST 73

minerals, petroleum, and geothermal resources: New Mexico
Geology. v. 1, no. 1, p. 1, 4-6.

Farnham, L.L., Stewart, L.A., and DeLong, C.W., 1961, Manga-
nese deposits of eastern Arizona: U.S. Bureau of Mines Infor-
mation Circular 7990, 178 p.

Finnell, T.L., 1971, Preliminary geologic map of the Empire Moun-
tains quadrangle, Pima County, Arizona: U.S. Geological Sur-
vey Open-File Report 71-106, scale 1:48,000.

Grimes, D.J., and Marranzino. A.P., 1968, Direct-current arc and
alternating-current spark emission spectrographic field meth-
ods for the semiquantitative analysis of geologic materials:
U.S. Geological Survey Circular 591, 6 p.

Harms, T.F., Bradley, L.A., Tidball, R.R., Motooka, J.M., and Con-
klin, N.M., 1985, Analytical results and sample locality maps
of stream sediments, heavy-mineral concentrates, and plant
samples from Black Rock, Fishhooks, and Needles Eye Wil-
derness Study Areas, Graham and Gila Counties, Arizona: U.S.
Geological Survey Open-File Report 85-462, 49 p., 3 pls.,
scale 1:24,000.

Hayes, P.T., 1982, Geologic map of Bunk Robinson Peak and
Whitmire Canyon Roadless Areas, Coronado National Forest,
New Mexico and Arizona: Miscellaneous Field Studies Map
MF-1425-A, scale 1:62,500.

Hayes, P.T., and Brown, S.D., 1984, Bunk Robinson Peak and
Whitmire Canyon Roadless Areas, New Mexico and Arizona,
in Marsh, S.P., Kropschot, S.J., and Dickinson, R.G., eds., Wil-
derness mineral potential; assessment of mineral-resource
potential in U.S. Forest Service lands studied 1964-1984: U.S.
Geological Survey Professional Paper 1300, p. 798-800.

Hayes, P.T., and Raup, R.B., 1968, Geologic map of the Huachuca
and Mustang Mountains, southeastern Arizona: U.S. Geologi-
cal Survey Miscellaneous Geologic Investigations Map [-509,
scale 1:48,000.

Hayes, P.T., Watts, K.C., Hassemer, J.R., and Brown, S.D., 1983,
Mineral resource potential map of the Bunk Robinson Peak and
Whitmire Canyon Roadless Areas, Hidalgo County, New Mex-
ico, and Cochise County, Arizona: Miscellaneous Field Studies
Map MF-1425-B, scale 1:62,500.

Hinkle, M.E., Kilburn, J.E., Eppinger, R.G., III, and Speckman,
W.S.. 1981a, Geochemical analysis of samples of stream sedi-
ments, panned heavy-mineral concentrates, rocks, and waters
of the Pusch Ridge Wilderness Area, Arizona: U.S. Geological
Survey Open-File Report 81-435, 44 p.

1981b, Statistical analyses of data on stream sediments,
panned heavy-mineral concentrates, rocks, and waters of the
Pusch Ridge Wilderness Area, Arizona: U.S. Geological Sur-
vey Open-File Report 81436, 183 p.

Hinkle, M.E., Kilburn, J.E., Eppinger, R.G., 1II, and Tripp, R.B.,
1981¢, Geochemical maps of the Pusch Ridge Wilderness
Area, Pima County, Arizona: U.S. Geological Survey Miscel-
laneous Field Studies Map MF-1356-A, scale 1:50,000.

Hinkle, M.E., and Ryan, G.S., 1982, Mineral resource potential
map of the Pusch Ridge Wilderness Area, Pima County, Arizo-
na: U.S. Geological Survey Miscellaneous Field Studies Map
MF-1356-B, scale 1:62,500.

Jones, G.M., 1990, Mineral resources, in Peterson, J.A., ed., Pre-
liminary mineral resource assessment of the Tucson and
Nogales 1° x 2° quadrangles, Arizona: U.S. Geological Survey
Open-File Report 90-276, p. 68-101.

Keith, S.B., Gest, D.E., and DeWitt, Ed, 1983, Metallic mineral dis-
tricts of Arizona: Arizona Burcau of Geology and Mineral
Technology Map 18, scale 1:1,000,000.

Keith, S.B., Gest, D.E., DeWitt, Ed, Toll, N.W., and Everson, B.A.,
1983, Metallic mineral districts and production in Arizona:
Arizona Bureau of Geology and Mineral Technology Bulletin
194, 58 p.

Keith, W.J,, and Kreidler, T.J., 1984, Whetstone Roadless Area,
Arizona, in Marsh, S.P., Kropschot, S.J., and Dickinson, R.G.,
eds., Wilderness mineral potential; assessment of miner-
al-resource potential in U.S. Forest Service lands studied
1964-1984: U.S. Geological Survey Professional Paper 1300,
p. 130-132.

Keith, W.J., Martin, R.A., and Kreidler, T.J., 1982, Mineral
resource potential of the Winchester Roadless Area, Cochise
County, Arizona: U.S. Geological Survey Open-File Report
82-1028, 7 p.

Kreidler, T.J., 1984, Mine and prospect map of the Dragoon Moun-
tains Roadless Area, Cochise County, Arizona: Miscellaneous
Field Studies Map MF-1521-F, scale 1:50,000.

Lovering, T.S., Huff, L.C., and Almond, H., 1950, Dispersion of
copper from the San Manuel Copper deposit, Pinal County,
Arizona: Economic Geology, v. 45, no. 6, p. 493-514.

Ludington, S.D., 1984a, Preliminary mineral resource assessment
of the proposed Miller Peak Wilderness, Cochise County, Ari-
zona: U.S. Geological Survey Open-File Report 84-293, 9 p.

1984b, Preliminary mineral resource assessment of the pro-
posed Mt. Wrightson Wilderness, Santa Cruz and Pima Coun-
ties, Arizona: U.S. Geological Survey Open-File Report
84-294, 11 p.

McDanal, S K., Forn, C.L., Hassemer, J.R., and Watts, K.C., 1983,
Analytical results for stream-sediment concentrates, sieved
stream sediments, water, rock, and soils, Silver City, New
Mexico-Arizona quadrangle: U.S. Geological Survey Report
NTIS USGS-GD-83-003 [magnetic tape available from the
National Technical Information Service, U.S. Department of
Commerce, Springfield, VA 22161}

Marsh, S.P., Kropschot, S.J., and Dickinson, R.G., eds., 1984, Wil-
derness mineral potential; assessment of mineral-resource
potential in U.S. Forest Service lands studied 1964-1984: U.S.
Geological Survey Professional Paper 1300, 1183 p.

Meier, A.L., 1980, Flameless atomic-absorption determination of
gold in geological materials: Journal of Geochemical Explora-
tion, v. 13, p. 77-85.

Mosier, D.L., 1986, Descriptive model of epithermal Mn, in Cox,
D.P., and Singer, D.A., eds., Mineral deposit models: U.S.
Geological Survey Bulletin 1693, p. 165.

Motooka, J.M., 1988, An exploration geochemical technique for
the determination of preconcentrated organometallic halides
by ICP-AES: Applied Spectroscopy, v. 42, no. 7, p.
1293-1296.

Motooka, J. M., and Grimes, D.J., 1976, Analytical precision of
one-sixth order semiquantitative spectrographic analysis: U.S.
Geological Survey Circular 738, 25 p.

Myers, A.T., Havens, R.G., and Dunton, P.J., 1961, A spectro-
chemical method for the semiquantitative analysis of rocks,
minerals, and ores: U.S. Geological Survey Bulletin 1084-1, p.
207-229.

New Mexico Geological Society, 1982, New Mexico geologic
highway map: Socorro, N. Mex., scale 1:1,000,000.




74 MINERAL RESOURCE POTENTIAL AND GEOLOGY, CORONADO NATIONAL FOREST, ARIZ. AND N. MEX.

Nowlan, G.A., and Chaffee, M.A., eds., 1995, Analytical results,
sample locations, and other information for stream-sediment,
soil, heavy-mineral-concentrate, and rock samples used in
mineral resource studies of Coronado National Forest and adja-
cent areas, southeastern Arizona and southwestern New Mexi-
co: U.S. Geological Survey Open-File Report 95-615, one
3.5-inch, 1.44-M diskette; 10-p. description of diskette
contents available separately.

O’Leary, R.M., and Meier, A.L., 1986, Analytical methods used in
geochemical exploration, 1984: U.S. Geological Survey
Circular 948, 48 p.

Peterson, J.A., ed., 1990, Preliminary mineral resource assessment
of the Tucson and Nogales 1° x 2° quadrangles, Arizona: U.S.
Geological Survey Open-File Report 90-276, 129 p., 24 pls.,
scale 1:250,000.

Peterson, J.A., Bergquist, J.R., Reynolds, S.J., and Page-Nedell,
S.S., 1990, Geology, in Peterson, J.A., ed., Preliminary mineral
resource assessment of the Tucson and Nogales 1° x 2° quad-
rangles, Arizona: U.S. Geological Survey Open-File Report
90-276, p. 8-18.

Peterson, J.A., Page-Nedell, S.S., and Bergquist, J.R., 1984, Map
showing mineral resource potential of U.S. Forest Service and
Bureau of Land Management wilderness study areas in Arizo-
na: U.S. Geological Survey Open-File Report 84-408, 15 p.,
map scale 1:1,000,000.

Reed, B.L., 1986, Descriptive model of Sn veins, in Cox, D.P., and
Singer, D.A., eds., Mineral deposit models: U.S. Geological
Survey Bulletin 1693, p. 67.

Reed, B.L., and Cox, D.P., 1986, Descriptive model of Sn skarn
deposits, in Cox, D.P., and Singer, D.A., eds., Mineral deposit
models: U.S. Geological Survey Bulletin 1693, p. 58.

Reynolds, S.R., 1988, Geologic map of Arizona: Tucson, Ariz.,
Arizona Geological Survey, scale 1:1,000,000.

Richter, D.H., and Lawrence, V.A., 1983, Mineral deposit map of
the Silver City 1° x 2° quadrangle, New Mexico and Arizona:
U.S. Geological Survey Miscellaneous Investigations Series
Map I-1310-B, scale 1:250,000.

Richter, D.H., Sharp, W.N., Watts, K.C., Raines, G.L., Houser,
B.B., and Klein, D.P., 1986, Maps showing mineral resource
assessment of the Silver City 1° x 2° quadrangle, New Mexico
and Arizona: U.S. Geological Survey Miscellaneous Investiga-
tions Series Map I-1310-F, scale 1:250,000.

Rose, AW, Hawkes, H.E., and Webb, J.S., 1979, Geochemistry in
mineral exploration (2nd ed.): New York, Academic Press,
657 p.

Sabins, F.L., Jr., 1957, Geology of the Cochise Head and western
part of the Vanar quadrangles, Arizona: Geological Society of
America Bulletin, v. 68, no. 10, p. 1315-1342, map scale
1:62,500.

Shannon, S.S., Jr., 1977, The hydrogeochemical and stream-sedi-
ment reconnaissance program and its relation to the NURE, in
HSSR symposium papers: Symposium on hydrogeochemical
and stream-sediment reconnaissance for uranium in the United
States, Grand Junction, Colo., March 16-17, 1977: Grand
Junction, Colo., U.S. Department of Energy, p. 3-4.

Sharp, R.R., Jr., and Aamodt, P.L., 1978, Field procedures for the
uranium hydrogeochemical and stream sediment reconnais-
sance as used by the Los Alamos Scientific Laboratory: U.S.
Department of Energy National Uranium Resource Evaluation
Program Open-File Report LA-7054-M [GIBX-68(78)], U.S.

Department of Energy, Los Alamos Scientific Laboratory, Los
Alamos, N. Mex., April 1978, 64 p.

Sharp, R.R., Jr., Morris, W.A., and Aamodt, P.L., 1978, Uranium
hydrogeochemical and stream sediment data release for the
New Mexico portions of the Douglas, Silver City, Clifton, and
Saint Johns NTMS quadrangles, New Mexico/Arizona: U.S.
Department of Energy National Uranium Resource Evaluation
Program Open-File Report LA-7180-MS [GJBX-69(78)],
U.S. Department of Energy, Los Alamos Scientific Laboratory,
Los Alamos, N. Mex., March 1978, 123 p.

Shawe, D.R., 1968, Geology of the Spor Mountain beryllium dis-
trict, Utah, in Ridge, J.D., ed., Ore deposits of the United
States, 1933-1967 (Graton-Sales Volume): New York, Amer-
ican Institute of Mining, Metallurgical, and Petroleum
Engineers, Inc., p. 1148-1161.

Simons, F.S., 1964, Geology of the Klondyke quadrangle, Graham
and Pinal Counties, Arizona: U.S. Geological Survey
Professional Paper 461, 173 p., map scale 1:62,500.

1974, Geologic map and sections of the Nogales and
Lochiel quadrangles, Santa Cruz County, Arizona: U.S. Geo-
logical Survey Miscellaneous Investigations Series Map
1-762, scale 1:48,000.

Simons, F.S., Theobald, P.K., Tidball, R.R., Erdman, J.A., Harms,
T.F., Griscom, Andrew, and Ryan, G.S., 1987, Mineral
resources of the Black Rock Wilderness Study Area, Graham
County, Arizona: U.S. Geological Survey Bulletin 1703-C, 9 p.

Sutley, S.J., Chaffee, M.A., Fey, D.L., and Hill, R.H., 1983, Chem-
ical analyses and statistical summaries for samples of rock,
minus-60-mesh (0.25 mm) stream sediment, and nonmagnetic
heavy-mineral concentrate, Winchester Roadless Area,
Cochise County, Arizona: U.S. Geological Survey Open-File
Report 83-648, 18 p.

Thorman, C.H., 1981, Geology of the Pinaleno Mountains,
Arizona—A preliminary report: Arizona Geological Society
Digest, v. 13, p. 5-12.

Thorman, C.H., Drewes, Harald, and Lane, M.E., 1981, Mineral
resources of the Rincon Wilderness Study Area, Pima County,
Arizona: U.S. Geological Survey Bulletin 1500, 62 p., 2 pls.,
map scale 1:48,000.

U.S. Bureau of Land Management, 1986a, Wilderness status map,
State of Arizona: U.S. Bureau of Land Management, scale
1:1,000,000.

1986b, Wilderness status map, State of New Mexico: U.S.
Bureau of Land Management, scale 1:1,000,000.

U.S. Department of Energy, 1981a, Hydrogeochemical and stream
sediment reconnaissance basic data for Douglas quadrangle,
Arizona, New Mexico: U.S. Department of Energy National
Uranium Resource Evaluation Program Open-File Report
K/UR-315 [GIBX-244(81)]; U.S. Department of Energy, Oak
Ridge Gaseous Diffusion Plant, Oak Ridge, Tenn., May 29,
1981, 57 p.

1981b, Hydrogeochemical- and stream  sediment

reconnaissance basic data for Silver City quadrangle, New

Mexico, Arizona: U.S. Department of Energy National

Uranium Resource Evaluation Program Open-File Report

K/UR-345[GJBX-320(81)}; U.S. Department of Energy, Oak

Ridge Gaseous Diffusion Plant, Oak Ridge, Tenn., June 30,

1981, 113 p.

1982a, Hydrogeochemical and stream sediment reconnais-

sance basic data for Nogales quadrangle, Arizona: U.S.




GEOCHEMISTRY OF CORONADO NATIONAL FOREST 75

Department of Energy National Uranium Resource Evaluation

Program Open-File Report K/UR—420 [GIBX-65(82)], U.S.

Department of Energy, Oak Ridge Gaseous Diffusion Plant,

Oak Ridge, Tenn., April 1982, 1 fiche, 92 p.

1982b, Hydrogeochemical and stream sediment reconnais-

sance basic data for the Tucson quadrangle, Arizona: U.S.

Department of Energy National Uranium Resource Evaluation

Program Open-File Report K/UR—419 [GJBX-64(82)]; U.S.

Department of Energy, Oak Ridge Gaseous Diffusion Plant,

Oak Ridge, Tenn., April 1982, 1 fiche, 138 p.

1982¢, Supplement to hydrogeochemical and stream sedi-
ment reconnaissance basic data reports K/UR—405 and
K/UR-408 through K/UR-443 [GJBX-52(82) through
GJBX-88(82)]: U.S. Department of Energy National Uranium
Resource Evaluation Program Open-File Report K/UR-444
[GIBX-88(82)]; U.S. Department of Energy, Oak Ridge Gas-
eous Diffusion Plant, Oak Ridge, Tenn., March 1982, 25 p.

U.S. Geological Survey, Arizona Bureau of Mines, and U.S.
Bureau of Reclamation, 1969, Mineral and water resources of
Arizona: Arizona Bureau of Mines Bulletin 180, 638 p.

VanTrump, George, Jr., and Miesch, A.T., 1977, The U.S. Geolog-
ical Survey RASS-STATPAC system for management and sta-
tistical reduction of geochemical data: Computers and
Geosciences, v. 3, p. 475-488.

Watts, K.C., Jr., Erickson, M.S., Day, G.W., and Hassemer, J.R.,
1984, Statistical analysis, and listing of spectrographic analy-
ses of alluvial heavy-mineral concentrates and sieved
stream-sediment samples, Dragoon Mountains Roadless Area
and contiguous areas, Cochise County, Arizona: U.S. Geolog-
ical Survey Open-File Report 84-013, 41 p.

Watts, K.C., Jr., and Hassemer, J.R., 1988, Geochemical interpre-
tive and summary maps, Silver City 1° X 2° quadrangle, New
Mexico and Arizona: U.S. Geological Survey Miscellaneous
Investigations Series Map I-1310-E, scale 1:250,000.

Watts, K.C., Jr., Hassemer, J.R., and Day, G.W., 1983, Geochemi-
cal maps of Bunk Robinson Peak and Whitmire Canyon Road-
less Areas, Hidalgo County, New Mexico, and Cochise
County, Arizona: U.S. Geological Survey Miscellaneous Field
Studies Map MF-1425-C, scale 1:125,000.

Watts, K.C., Jr., Hassemer, J.R., Erickson, M.S., and Drewes,
Harald, 1984, Geochemical and mineralogic maps of the Dra-
goon Mountains Roadless Area, Cochise County, Arizona:
U.S. Geological Survey Miscellaneous Field Studies Map
MF-1521-E, scale 1:50,000.

Watts, K.C., Jr., Hassemer, J.R., Forn, C.L., and Siems, D.F.,
1986a, Geochemical maps showing distribution and abun-
dance of barium in two fractions of stream-sediment concen-
trates, Silver City 1° X 2° quadrangle, New Mexico and
Arizona: U.S. Geological Survey Miscellaneous Field Studies
Map MF-1183-K, scale 1:250,000.

1986b, Geochemical maps showing distribution and abun-

dance of bismuth and beryllium in the nonmagnetic fraction of

stream-sediment concentrates, Silver City 1° x 2° quadrangle,

New Mexico and Arizona: U.S. Geological Survey Miscella-

neous Field Studies Map MF-1183-H, scale 1:250,000.

1986¢c, Geochemical maps showing distribution and

abundance of copper in two fractions of stream-sediment
concentrates, Silver City 1°x 2° quadrangle, New Mexico and

Arizona: U.S. Geological Survey Miscellaneous Field Studies

Map MF-1183-B, scale 1:250,000.

1986d, Geochemical maps showing distribution and abun-

dance of lead in two fractions of stream-sediment concentrates,

Silver City 1° x 2° quadrangle, New Mexico and Arizona: U.S.

Geological Survey Miscellaneous Field Studies Map

MF-1183-A, scale 1:250,000.

1986e, Geochemical maps showing distribution and abun-

dance of manganese in two fractions of stream-sediment con-

centrates, Sitver City 1° x 2° quadrangle, New Mexico and

Arizona: U.S. Geological Survey Miscellaneous Field Studies

Map MF-1183-], scale 1:250,000.

1986f, Geochemical maps showing distribution and abun-

dance of molybdenum in two fractions of stream-sediment

concentrates, Silver City 1° x 2° quadrangle, New Mexico and

Arizona: U.S. Geological Survey Miscellaneous Field Studies

Map MF-1183-E, scale 1:250,000.

1986¢g, Geochemical maps showing distribution and abun-

dance of silver in two fractions of stream-sediment concen-

trates, Silver City 1° x 2° quadrangle, New Mexico and

Arizona: U.S. Geological Survey Miscellaneous Field Studies

Map MF-1183-F, scale 1:250,000.

1986h, Geochemical maps showing distribution and abun-

dance of tin in two fractions of stream-sediment concentrates,

Silver City 1° x 2° quadrangle, New Mexico and Arizona: U.S.

Geological Survey Miscellaneous Field Studies Map

MF-1183-1, scale 1:250,000.

1986i, Geochemical maps showing distribution and abun-

dance of tungsten in two fractions of stream-sediment concen-

trates, Silver City 1° x 2° quadrangle, New Mexico and

Arizona: U.S. Geological Survey Miscellaneous Field Studies

Map MF-1183-G, scale 1:250,000.

1986j, Geochemical maps showing distribution and abun-
dance of zinc in two fractions of stream-sediment concentrates,
Silver City 1° x 2° quadrangle, New Mexico and Arizona: U.S.
Geological Survey Miscellaneous Field Studies Map
MF-1183-D, scale 1:250,000.

Werschsky, R.S., Detra, D.E., Meier, A.L., and McDougal, C.M.,
1983, Analytical and statistical results for stream sediment,
panned concentrate, water, and rock samples collected from
the Whetstone Roadless Area, Pima and Cochise counties, Ari-
zona: U.S. Geological Survey Open-File Report 83-242, 110
p.. 1 pL

Wrucke, C.T., and Armstrong, A.K., 1984, Geologic map of the
Whetstone Roadless Area and vicinity, Cochise and Pirna
Counties, Arizona: U.S. Geological Survey Miscellaneous
Field Studies Map MF-1614-B, scale 1:48,000.

Wrucke, C.T., and Bromfield, C.S., 1961, Reconnaissance geologic
map of part of the southern Peloncillo Mountains, Hidalgo
County, New Mexico: U.S. Geological Survey Mineral
Investigations Field Studies Map MF-160, scale 1:62,500.

Wrucke, C.T., and McColly, R.A., 1984, Whetstone Roadless Area,
Arizona, in Marsh, S.P., Kropschot, S.J., and Dickinson, R.G.,
eds., Wilderness mineral potential; assessment of miner-
al-resource potential in U.S. Forest Service lands studied
1964-1984: U.S. Geological Survey Professional Paper 1300,
p. 126-129.

Wrucke, C.T., McColly, R.A., Werschsky, R.S.. Scott, D.C., Ban-
key, V.L., Kleinkopf, M.D., Staatz, M.H., and Armstrong,
A.K., 1983, Mineral resource potential map of the Whetstone
Roadless Area, Cochise and Pima Counties, Arizona: Miscel-
laneous Field Studies Map MF-1614-A, scale 1:48,000.







Aeromagnetic, Radiometric, and Gravity Data for
Coronado National Forest

By Mark E. Gettings

MINERAL RESOURCE POTENTIAL AND GEOLOGY OF CORONADO NATIONAL FOREST,
SOUTHEASTERN ARIZONA AND SOUTHWESTERN NEW MEXICO
Edited by Edward A. du Bray

U.S. GEOLOGICAL SURVEY BULLETIN 2083-D

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1996



i

R

78

CONTENTS

ADSITACT. ... 79
INTEOAUCTION ..ottt ettt st 79
Regional relationships and tectonic framework .........cccvveereerniieiiereniiecicrenecnceees 80
Geophysics of Coronado National FOrest Units.........coooviieveeieneernieniee e 83
Santa Teresa MOUNAINS......c.c.cooviiriiiiriiiie ettt e s 83
Galiuro MOUNEAINS c..oeviiiiiiicic ettt sttt st 84
Winchester MOUNTAINS ......c.ooooviieiiiiiii ettt 85
Pinaleno MOUNTAINS ........ccooiiiiiiieiieieiiiec ettt s 85
Peloncillo MOUNEAINS ......coeriiiirereicece ettt s e 88
Chiricahua and Pedregosa Mountains .............occceeeveeeriicon e 88
Dragoon MOUNTAINS ......ooviiiiieie et e e et ba e e esrenbens 90
WhetStone MOUNTAINS .........cccctreririiieri ittt srere bt eneessesaebane 92
Patagonia and Huachuca Mountains and Canelo Hills.............oooevei 96
Santa Rita MOUNTAINS. .......cooriiiiiiit ittt 97
Atascosa, Pajarito, San Luis, and Tumacacori Mountains and
Cobre and Coches RIAZES .......coooiveeeiiiecieii e e 98
Santa Catalina and Rincon MOUNtAINS........ccoooviiiineneieecerennece e 99
References Clted ..ot e 100
FIGURES
Complete Bouguer-gravity-anomaly map showing major gravity-anomaly trends in Coronado National
FOrest and adjACENT ATEAS ........c.eruiiiiiieieice ettt ettt ettt eb et s et h et et st eb b s e s et es 81
Residual-aeromagnetic-anomaly map showing aeromagnetic anomaly trends in southeastern Arizona.................... 82
Hypothetical normal-fault or detachment-fault model for extension, showing modeled gravity and
AETOMAZNETIC TESPOMSES .....otcvtiniieiieieiieteeeus st etetesseeeuiaees et st esta s et bese s ebes e ses s eaeeatesebsbes bbbt e b s s st eaeas s 83
Aeromagnetic-anomaly map of the Galiuro Mountains Wilderness Study Area...........ccccooeioineiiciiionninineiecnes 86
Aeromagnetic-anomaly map of the Winchester Mountains Wilderness Study Area........cococeceveivimiieiicorneicnens 87
Aeromagnetic-anomaly map of the North End Roadless Area, northern Chiricahua Mountains ...........cccceeceeveeenees 90
Aeromagnetic-anomaly map of the Dragoon MoOURtaing are@ ...........ccoevveeiieerieeeierniniieiet et 91
Aeromagnetic-anomaly map of the WhetStone MOUNEAINS ATE@ ........veveeririeeriireeeiiiiirienenee et ireens e 93
Aeromagnetic-anomaly profile, modeled magnetic response, and geologic cross section combined
with the magnetic model, for section A~A’across the Whetstone MOUNEAINS A€ ..........ccoovoivvieiiieerinriieeraereeeeens 95



Aeromagnetic, Radiometric, and Gravity
Data for Coronado National Forest

By Mark E. Gettings

ABSTRACT

This chapter presents the results of studies of the grav-
ity, magnetic, and gamma-ray spectrometric anomaly fields
of Coronado National Forest and adjacent areas in southeast-
ern Arizona and southwestern New Mexico. Because of the
diverse and complex geologic history of the lands included
within the Forest, investigations at characteristic scales rang-
ing from hundreds of kilometers to hundreds of meters were
necessary in order to define the structures responsible for
observed geophysical anomalies. Regional-scale relation-
ships in the part of southeastern Arizona that encompasses
the Forest are described first and are followed by presenta-
tion of geophysical data and interpretations for each of the
individual Forest units. In order to facilitate future evalua-
tions, all data assembled in this evaluation are presented in
map form at a uniform scale. Because this work was com-
pleted as part of a mineral resource evaluation, the interpre-
tive models presented here are not comprehensive but are
instead focused on features of geophysical data that delineate
geologic features that are favorable for occurrence of miner-
alized rock or indicate features that might have inhibited or
precluded ore genesis.

INTRODUCTION

The geophysical data used in this study consist of grav-
ity (plates 9-11), terrain-clearance (plates 12-14), aeromag-
netic (plates 15-17), and airborne gamma-ray spectrometer
(plates 18-26) data. Regional aeromagnetic data from con-
stant-altitude surveys (Sauck and Sumner, 1970) were
employed in digital and map forms. Gravity data were com-
piled from U.S. Defense Mapping Agency, University of
Arizona, and U.S. Geological Survey (USGS) sources. Most
of the geophysical data used in this assessment were
retrieved from archives of the National Uranium Resource
Evaluation (NURE) (Texas Instruments Inc., 1979).
Reduced single-point data files were retrieved and repro-
cessed. These files consist of final-survey, point-by-point
data for latitude; longitude; terrain clearance; acromagnetic

field value; gamma-ray total count; equivalent uranium, tho-
riumn, and potassium; and other data. The sample interval for
NURE data is about 15 m between points along flight lines,
and a nominal 5-km spacing between flight lines. Most lines
are oriented north-south and have east-west tie lines every 50
km. In the New Mexico part of Coronado National Forest,
the lines are oriented east-west and have north-south tie
lines. The NURE data are strongly biased in the direction of
the flight lines and are not suitable for constructing contour
maps except to display regional-scale anomalies having
half-wavelengths of 10 km or more. In order to show the
information to be gained from the data more fully, the data
are plotted as profiles along the flight lines projected onto
maps at the scale of compilation of the geologic maps. For
these plots, a base level was chosen for each area that
approximates the average value of the data; base-level values
plot on the flight-line location.

In examining spectrometric or aeromagnetic data, ter-
rain-clearance maps (plates 12-14) must be considered to
determine whether radiometric or magnetic anomalies have
been strongly distorted by large variations in terrain clear-
ance. Data for points having terrain-clearance values less
than 100 m or greater than 200 m were deleted; the data pro-
file across such an interval is shown as a straight line
between points having acceptable terrain-clearance values.
Several intervals of this type are present on the two western-
most, north-south flight lines of plate 17. Gamma-ray emis-
sions depicted by the radiometric profiles are produced by
material in the upper few meters of the Earth’s crust. The
source of magnetic-field signals ranges from material at the
surface to that at depths of many kilometers. Variations in
terrain clearance of as little as 50 m have much more effect
on radiometric signals than on aeromagnetic signals.

Gamma-ray radiometric data ‘‘noise” (for example,
compare the two central profiles coincident with the Whet-
stone Mountains, plate 23) can be caused by other than geo-
logic factors, including instrument response time and
sensitivity, and by seasonal variations due mostly to soil
moisture content. In many cases it is customary to smooth
radiometric data to minimize these effects. However, the
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same smoothing can be accomplished visually during analy-
sis of the data; presenting data that have not been smoothed.
as in this report, allows the quality of the data and the infor-
mation conveyed to be evaluated without concern for effects
of filtering.

Regional gravity data were compiled from U.S.
Defense Mapping Agency unclassified data and from Uni-
versity of Arizona and USGS sources. In addition, 779 addi-
tional stations were established in the Santa Catalina, Santa
Teresa, Pinaleno, Galiuro, and Chiricahua Mountains, and in
the Canclo Hills. Data were collected by M. Bultman, M.
Gettings, G.S. Pitts, and K. Schwartz. A total of 15,613 sta-
tions were compiled within the area between lat 33°15" N.
and the Mexico border and between long 111°30" W. to long
108°50" W. These data were corrected for errors, reduced to
a common datum (International Gravity Standardization
Network 71, International Association of Geodesy. 1971
Morelli and others, 1974), and terrain corrected. Data for sta-
tions located in very rugged terrain were adjusted by manu-
ally calculated terrain corrections near stations and computer
calculated corrections (Plouff, 1977) from the outer radius of
the manual corrections to a radius of 167 km. Data for all
other stations were adjusted by terrain corrections computed
entirely by computer techniques. Standard USGS gravity
reduction formulae (Cordell and others, 1982) were used to
compute complete Bouguer gravity-anomaly values, which
were then used to prepare the gravity-anomaly maps pre-
sented in this report. A minimum-curvature gridding algo-
rithm (Briggs, 1974; Webring, 1981) and a computer
program (Godson and others, 1988) that generates contour
maps were both used in production of the gravity maps.

Previous compilations and interpretations of data cov-
ering parts of the Coronado National Forest may be found in
Hammarstrom and others (unpub. data, 1988), Ponce (1990),
Hummer-Miiler and Knepper (1990), Wynn (1981), and
Klein (1987), and in references contained therein.

Available drillhole data (Oppenheimer and Sumner,
1980) were used in conjunction with gravity data from near
drillholes to estimate the average density contrast between
valley fill and bedrock. Data for three holes in the Aravaipa
Valley indicate contrasts in the range of 0.3 to -0.4 g/cc;
these values have been used to estimate the thicknesses of
basin fill for areas discussed elsewhere in this report.

REGIONAL RELATIONSHIPS AND
TECTONIC FRAMEWORK

A complete Bouguer gravity-anomaly map for the area
of Coronado National Forest and adjacent basins is shown in
figure 1. The most obvious pattern on this map is a rectan-
gular system of gravity-anomaly gradients that trend
approximately N. 40° W. and N. 45° E. The northwest
trends are more penetrative in their character than the

northeast trends are. This pattern is disrupted along the
western edge of the map north of 32° by the eastern bound-
ary of a large regional gravity high that extends westward
from approximately long 111°25” W. across southern Ari-
zona south of a line approximately from Phoenix to the
northwest. This regional anomaly may be the gravity signa-
ture of a previously unrecognized accreted terrane. Exami-
nation of the state geologic map shows that the boundary
reflects outcrop patterns: the amount of bedrock cropping
out relative to basin fill is much greater in southeastern Ari-
zona than it is west of the boundary, and the relative amount
of Cretaceous and Tertiary granitic intrusive rock is much
greater in the southeast. The effect is not due to a more
mature terrain to the west or lower average elevation, that is,
a filling of the basins at the expense of mountain ranges,
because a depth-to-bedrock map (Oppenheimer and Sum-
ner, 1980) shows that deep basin fills are rare west of the
boundary, especially in the south-central area centered on
Ajo, Ariz. The depth-to-bedrock map suggests that the ero-
sional maturity of the Basin and Range province in southern
Arizona is approximately the same throughout the province.
Together with the gravity-anomaly map, the depth-to-bed-
rock map suggests that the extension in southeastern Ari-
zona that caused development of alternating basins and
ranges has occurred primarily along a northeast-southwest
trend; crustal blocks have extended by tilting of blocks
across surprisingly continuous northwest-trending block
boundaries. The structures controlling these boundaries
may be related to an orogenic belt formed during the Meso-
zoic accretion of the terrains to the southwest (for example,
Coney and Harms, 1984, and Drewes, Chapter B, this vol-
ume), or may be due to a pre-existing Proterozoic fabric as
suggested by Sumner (1985).

Trends on the gravity-anomaly map are defined mainly
from traces of gradient midpoints, but offsets of anomalies,
such as an apparently down-dropped part of a relative anom-
aly maximum, were also used. Figure 1 shows only the
major trends. It appears that the northwest trends are more
continuous and that northeast trends are less continuous.
Northerly and easterly trends are much less common. A cir-
cular gravity low (fig. 1) is associated with the Galiuro vol-
canic center, which is itself extended by northwest-striking
normal faults whose gravity-anomaly trends are discernible
(fig. 1). Differential extension may have occurred along seg-
ments of some of northwest-striking faults (fig. 1); presum-
ably, accommodation occurred by strike slip on
northeast-striking faults coincident with northeast trends on
the gravity-anomaly map. Northeast of Safford, trend pat-
terns change (fig. 1) and easterly and more northerly trends
are much more evident.

Figure 2 shows the regional aeromagnetic field
extracted from the digital data set of Sauck and Sumner
(1970) for the same area as the gravity-anomaly map (fig. 1).
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